Treatment and complications of juvenile idiopathic arthritis-related uveitis by Leinonen, Sanna
Clinical Research 
Faculty of Medicine 








TREATMENT AND COMPLICATIONS OF 
























To be presented for public discussion with the permission of the Faculty of 
Medicine of the University of Helsinki, at the Helsinki University Hospital, Helsinki, 




Kristiina Aalto, MD, PhD 
Docent 
Department of Paediatrics 
University of Helsinki 
Helsinki, Finland 
 
Tero Kivelä, MD, PhD, FEBO 
Professor of Ophthalmology 
Department of Ophthalmology 
University of Helsinki 
Helsinki, Finland 
 
Kaisu Kotaniemi, MD, PhD 
Docent 
Department of Ophthalmology 





Bahram Bodaghi, MD, PhD, FEBO 
Professor of Ophthalmology 




Tuulikki Sokka-Isler, MD, PhD 
Professor of Rheumatology 
Department of Rheumatology 




Manfred Zierhut, MD, PhD 
Professor of Ophthalmology 
Department of Ophthalmology 





















The Faculty of Medicine uses the Urkund system (plagiarism recognition) to 
examine all doctoral dissertations. 
 
ISBN 978-951-51-6796-5 (pbk.) 


















































Juvenile idiopathic arthritis and related uveitis is a persistent childhood-
onset inflammatory disease affecting one or more joints and one or both 
eyes. The origin of this disease is unknown. 
In the eye, the inflammation can cause vision impairing complications 
such as cataract and glaucoma as well as oedema and scarring of the central 
retina. The focus of uveitis treatment is to improve the visual prognosis by 
controlling the inflammation. Topical glucocorticoids reduce inflammation in 
the eye but do not control the systemic joint disease, and they tend to induce 
cataract formation, high intraocular pressure and related glaucoma, which is 
why children with juvenile idiopathic arthritis-related uveitis are treated with 
systemic antirheumatic drugs. These drugs reduce the inflammation in the 
eyes and the joints, they improve visual prognosis and they are not 
associated with further ocular complications. 
This study focuses on the variables contributing to treatment success 
when managing the inflammation and complications of juvenile idiopathic 
arthritis-related uveitis. 
The first study showed that antirheumatic treatment might improve the 
results of glaucoma surgery in juvenile idiopathic arthritis-related uveitis. 
Glaucoma was better controlled in patients who were treated with TNF-
inhibitors at the time of the surgery compared with patients without such 
drugs. 
In the second study, patients experienced better control of uveitis when 
methotrexate was combined with adalimumab than adalimumab-treated 
patients without methotrexate. 
The third study concluded that if oedema of central retina does not 
respond to antirheumatics and systemic glucocorticoids, a sustained-release 
glucocorticoid implant may help in controlling the oedema and improving 
visual acuity. 
In the fourth study, better control of inflammation prior to cataract 
surgery was associated with a better postoperative visual outcome. The 
median visual acuity remained high among the patients with good control of 
uveitis 3 to 12 months preoperatively. 
In summary, a more successful treatment outcome in anterior uveitis 
related to juvenile idiopathic arthritis can be achieved with systemic 
antirheumatic drugs combined with meticulous control of inflammation. 
5 
ABSTRACT IN FINNISH 
Lastenreuma ja siihen liittyvä uveiitti eli suonikalvoston tulehdus on 
lapsuusiässä alkava pitkäaikainen sairaus, jossa yksi tai useampi nivel ja 
toinen tai molemmat silmät tulehtuvat. Taudin alkusyy on tuntematon. 
Pitkittynyt suonikalvoston tulehdus johtaa näköä heikentäviin 
seurauksiin kuten kaihiin, glaukoomaan ja verkkokalvon tarkan näön alueen 
turvotukseen ja arpeutumiseen. Keskeistä on rajoittaa tulehdusta 
glukokortikoidihoidolla ja reumalääkkeillä, jotta näkö pysyisi 
mahdollisimman hyvänä. Glukokortikoidihoito vähentää suonikalvoston 
tulehdusta, mutta aiheuttaa samalla kaihia sekä silmänpaineen nousua ja 
siihen liittyvää sokeuttavaa glaukoomaa. Sen sijaan reumalääkkeet 
rajoittavat sekä nivel- että suonikalvoston tulehdusta. Reumalääkkeiden 
tiedetään parantavan lastenreumaa sairastavan lapsen näön pitkän ajan 
ennustetta eivätkä ne aiheuta kaihia tai glaukoomaa. Näistä syistä 
lastenreumaa sairastavia uveiittilapsia ja -nuoria kannattaa hoitaa 
ensisijaisesti reumalääkityksillä. 
Tämän tutkimuksen tarkoituksena oli selvittää, mitkä tekijät vaikuttavat 
lastenreumaan liittyvän suonikalvoston tulehduksen hoidon onnistumiseen. 
Ensimmäinen osatyö keskittyi glaukooman leikkaushoitoon lapsilla, joilla 
on lastenreuma ja siihen liittyvä suonikalvoston tulehdus. Leikkauksen 
painetta alentava vaikutus oli pitkäaikaisempi, jos leikattava potilas käytti 
biologista TNF-salpaajalääkitystä leikkaushetkellä. 
Toisessa osatyössä tarkasteltiin adalimumabi-reumalääkkeen tehoa 
suonikalvoston tulehduksen hoidossa yksin käytettynä tai osana 
yhdistelmälääkitystä. Tässä osatyössä todettiin, että lääkityksen teho oli 
parempi, jos lapsi käytti adalimumabia yhdessä metotreksaatin kanssa kuin 
ilman metotreksaattia. 
Kolmas osatyö osoitti, että silmänsisäisesti asetettu pitkävaikutteinen 
glukokortikoidi-istute vähensi verkkokalvoturvotusta, jos reumalääke tai 
glukokortikoidihoito suun kautta ei ollut parantanut turvotusta. 
Neljännessä osatyössä todettiin, että kaihileikkauksen tulokset olivat 
parempia silmissä, joissa oli vähemmän tulehdusta. Näöntarkkuus säilyi 
hyvänä silmissä, joissa suonikalvoston tulehdus oli ollut lievempi 3-12 
kuukauden ajan ennen leikkausta. 
Tämän ja aiempien tutkimusten perusteella voidaan päätellä, että 
tulehduksen huolellinen rajoittaminen ja reumalääkkeiden aktiivinen käyttö 
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Anterior uveitis related to JIA is an inflammatory disease of the eye. It is 
a sight-threatening condition that is asymptomatic and chronic in nature.1–3 
Systematic screening for uveitis is performed on all children who have been 
diagnosed with JIA.4 Cumulative incidence of JIA-uveitis is as high as 27% in 
Finland.5,6 
JIA-uveitis-related inflammation presents as leukocytes and flare in the 
eye.3,7 Persistent inflammation causes structural changes such as band 
keratopathy, posterior synechiae, cataract, low intraocular pressure 
sometimes leading to phthisis bulbi, high intraocular pressure leading to 
secondary glaucoma, vitreous inflammatory changes, macular oedema, 
macular scarring, and retinal detachment.3,7–9 Visual prognosis is poor in 
eyes with persistent inflammation, uveitis-related complications, intraocular 
surgeries for complications, and in patients with inadequate antirheumatic 
treatment.9 
Severe visual loss occurs in 4-34% of eyes with JIA-uveitis.7,9–13 The goal 
of treatment is to improve the long-term visual prognosis by reducing 
uveitis-related ocular inflammation and the occurrence of ocular 
complications.9,14,15 
JIA-uveitis-related inflammation is controlled with glucocorticoids, 
DMARDs and biologic systemic medication.14,15 Remission of uveitis with no 
inflammatory cells in the anterior chamber is preferred, but if remission is 
not achievable, up to 5 cells per 1 mm2 in the slit lamp beam can be 
tolerated.9,16,17 
If low-dose topical glucocorticoid treatment does not provide sufficient 
control of inflammation, antirheumatic therapy is added to the treatment. 
Methotrexate is the mainstay of DMARD therapy in JIA-uveitis. If DMARD 
therapy does not control the inflammation, a biologic drug is combined in the 
regimen. TNF inhibitors are the first choice of biologic treatment in JIA-
uveitis.14,15,18 
The most common vision-threating complications of JIA-uveitis are 
glaucoma and macular oedema.13 The most common complication overall is 
cataract.7,13,16,19 No general agreement exists on the best treatment protocol 
for treating secondary glaucoma20–23 and macular oedema24–27 in JIA-uveitis. 
Details of the surgical approach and perioperative care in cataract surgery 
depend on the center and the surgeon.28–32 
This thesis focuses on the factors contributing to successful outcomes in 
the treatment of JIA-uveitis and related complications.  
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2. REVIEW OF THE LITERATURE 
Uveitis is a potentially vision impairing disease that causes up to 10% of 
severe vision loss (BCVA ≤0.1) in the Western world.1,2,33 
Uveitis is a heterogeneous group of diseases affecting the uveal tract, the 
middle layer of the eye. Uveal tract consists of three parts: the iris, the ciliary 
body, and the choroid. From an anatomical perspective, uveitis can 
predominantly affect the iris as anterior uveitis, the ciliary body as 
intermediate uveitis, or the choroid as posterior uveitis. Uveitis can also 
occur as panuveitis throughout the whole uveal tract.33,34 The most common 
type of uveitis is anterior uveitis.35 The course of uveitis can be acute, 
relapsing, or chronic. Uveitis can cause symptoms or it can be 
asymptomatic.33,34 Uveitis can be triggered by an infection or an injury, but 
often the origin of inflammation remains elusive and the disease is, 
therefore, idiopathic. 
Idiopathic uveitis can occur alone or with another recognisable 
autoimmune or autoinflammatory systemic disorder.34,36 According to a 
Swedish population-based study, 8% of all patients with uveitis have an 
associated systemic disease, and only 1% of patients have an association with 
JIA.35 In a Finnish population-based study by Siiskonen et al., prevalence of 
uveitis in children <16 years of age increased from 64 to 106 per 100000 
during 2008-2017. The incidence of uveitis was 14 per 100000 children. 
Among Finnish children, 9% of the uveitidis were infectious, 5% are 
posttraumatic or postoperative, 61% associate with JIA, 7% associate with 
some other systemic disease, and 18% have no known disease association or 
aetiology.37 Although it is a rare disease entity, anterior uveitis associated 
with JIA is the most common type of uveitis in children in Finland.37,38 
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2.1. JIA AND UVEITIS 
JIA is a chronic disease in which one or multiple joints are affected by 
arthritis that persists ≥6 weeks. The disease onset occurs before the age of 16 
years and is of unknown origin. JIA is categorised in 7 subtypes depending 
on the number of affected joints and on presence of additional systemic 
symptoms, psoriasis, or a positive RF.39 (Table 1) 
Table 1.  Classification of JIA according to ILAR criteria 
Subtype Definition 
Systemic arthritis ≥1 joints affected and systemic symptoms 
Oligoarthritis 1-4 joints affected at the onset 
Persistent 1-4 joints affected 
Extended ≥5 joints affected after the first 6 months 
Polyarthritis (RF negative) ≥5 joints affected and negative RF 
Polyarthritis (RF positive) ≥5 joints affected and positive RF 
Psoriatic arthritis  ≥1 joints affected and psoriasis 
Enthesitis-related arthritis  ≥1 joints affected and inflammation of an enthesitis site 
Other arthritis  
 
In Europe, the prevalence of JIA is 70 (95% CI, 63-78) and annual 
incidence is 8 (95% CI, 8-9) per 100 000 children that are younger than 16 
years of age. JIA is more common among girls (prevalence, 19; 95% CI, 19-
21) than boys (prevalence, 11; 95% CI, 10-12).40 
Uveitis occurs in 12-27% of children with JIA.4–6,41 Finland has the 
highest reported cumulative incidence of uveitis in JIA.5,6,41 JIA-uveitis-like 
anterior uveitis can occur in children also without an association with 
JIA.37,42 These childhood-onset uveitidis without a known aetiology or an 
associated systemic disease have JIA-uveitis-like clinical features and are 
treated following JIA-uveitis quidelines.37,43 
The mean onset of JIA is around 5 years of age. Patients with JIA-uveitis 
are significantly younger (3.2-3.8 years) at the onset of arthritis than patients 
with JIA without uveitis (6.2-7.0 years).4,6 Uveitis is diagnosed at a median 
6-10 months after the manifestation of arthritis. Altogether 54-73% of the 
JIA-uveitis diagnoses are discovered during the first year after the onset of 
arthritis, and 82-90% during the first 4 years.4–6 Uveitis may also develop as 
late as 8-18 years after the diagnosis of JIA.41 
Persistent oligoarthritis, extended oligoarthritis, RF-negative 
polyarthritis, and psoriatic arthritis have been associated with a high risk for 
uveitis. In a German population-based study, extended oligoarthritis had the 
highest cumulative rate of uveitis (19%),4 whereas in the Nordic population, 
the highest cumulative rate was found among patients with juvenile psoriatic 
arthritis (36%).6 Systemic-onset JIA and RF-positive JIA carry the lowest 
risk of uveitis, ranging from 0% to 6%.59,83,117 (Table 2) Other risk factors for 
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JIA-uveitis include young age, high titers of anti-histone antibodies, and 
ANAs at the onset of JIA.4–6 
Antirheumatic treatment has a protective effect against JIA-uveitis.44,45 
The hazard ratio for uveitis is 0.29 (95% CI, 0.19-0.45) with methotrexate if 
started within the first year of JIA. Hazard ratio for developing uveitis in JIA 
is as low as 0.10 (95% CI, 0.05–0.23) when the patient is treated with 
methotrexate and a TNF inhibitor.45 
Table 2.  Risk of uveitis in JIA by Heiligenhaus et al.4 
Subgroups p-value OR (95% CI) 
Systemic-onset JIA   Reference 
Persistent oligoarthritis <0.001 19 (5-78) 
Extended oligoarthritis <0.001 33 (8-137) 
Polyarthritis (RF negative) 0.036 5 (1-21) 
Polyarthritis (RF positive) 0.19 3 (0-22) 
Enthesitis-related arthritis 0.008 7 (2-30) 
Psoriatic arthritis 0.001 11 (3-48) 
Other / undefined arthritis 0.001 12 (3-52) 
Disease onset in years <0.001   
Duration of disease in years 0.002   
ANA positive at diagnosis <0.001   
 
Persistent inflammation of the uveal tract causes vision impairing 
structural complications in the uvea and adjacent structures in JIA-uveitis.8 
The vision in children with JIA-uveitis can deteriorate at such a young age 
and so insidiously that the child does not recognise that they do not see 
well.8,46 Therefore, all children with JIA are routinely screened for uveitis.4 
Early diagnosis of uveitis before ocular complications and vision loss develop 
is crucial in improving the visual prognosis in JIA-uveitis.4,8,9,47 
A modified version of the screening guideline for JIA-uveitis published by 
Heiligenhaus et al.4 has been applied in Finland since 2014. Children with 
JIA and high risk of uveitis because of their young age, ANA profile, and type 
of arthritis are followed by an ophthalmologist every 3 months during the 
first 2-4 years from the onset of arthritis, and every 6-12 months thereafter. 
Children with low risk of uveitis are screened every 12 months from the onset 
of arthritis. Children whose antirheumatic therapy is discontinued are 
screened for uveitis at 3-6 months thereafter because a high relapse rate is 
suspected following the discontinuation of medication.48 (Table 3)  
Systematic screening for uveitis in JIA ends at 16 years of age. In 2020, a 
Nordic population-based cohort study revealed that uveitis can develop also 
late in the course of JIA. Uveitis developed in 2.8% (12 of 434 patients) at 8-
18 years from the onset of JIA. Among these 12 patients, median age at 
diagnosis of uveitis was 22.9 years. At least five of them had a symptomatic 
course of uveitis and only one of them developed uveitis-related 
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complications. It remains to be seen if this discovery will change the 
screening guidelines for JIA-uveitis in the future.41 
Table 3.  Screening guideline for JIA-uveitis in Finland 
 
Oligoarthritis, extended oligoarthritis, polyarthritis RF -, psoriatic 
arthritis, other arthritis 
 
≤6 years of age at the diagnosis >6 years of age at the diagnosis 
Years from 
diagnosis (max 
16 years of age) 
ANA+ ANA- ANA+ ANA- 
         




12 months 2-4 6 months 
12 months 4-7 6 months 12 months 
>7  
12 months 12 months 
Control at 3-6 months if antirheumatic therapy is discontinued 
   
Enthesitis-related arthritis, polyarthritis RF+, systemic-onset arthritis  
 Every 12 months until 16 years of age 
 Control at 3-6 months if antirheumatic therapy is discontinued 
2.2. IMMUNOLOGY 
It is unclear which factors contribute to the induction of non-infectious, 
non-traumatic uveitis. The origin is either autoimmune, autoinflammatory, 
immune-mediated, or a combination thereof.49 Autoimmune has been the 
most commonly used term when describing the nature of non-infectious, 
non-traumatic uveitis although there is sparse evidence for an autoimmune-
specific pathophysiology in uveitis.14,15,33 
Autoimmune diseases are driven by irregular immune recognition of 
organ-specific autoantigens and autoantibody and T cell driven autoreaction 
against the host organ tissue.49 Immune-mediated diseases start from an 
inflammatory reaction triggered by an autologous damaged tissue or an 
external factor.49,50 In autoinflammatory disorders, innate immune cells 
autoactivate against host tissue without an external trigger and despite low 
titers of autoantibodies and lack of a T cell driven response.49 
Pathogenesis of uveitis has been studied in animal models. In 
experimental animal models, uveitis shares characteristics with both 
immune-mediated and autoimmune disorders.36,50,51 Retinal antigen-specific 
T cells mediate experimental autoimmune uveitis in animal models, which 
agrees with the defining criteria of autoimmune disorders. Agreeing with an 
immune-mediated pathogenesis, T cells are activated by innate stimuli 
caused by an environmental factor such as bacterial endotoxins. T cell 
lineages differentiate based on the surrounding antigens and cytokines. With 
retinal antigens present, T cells can differentiate into uveitis-inducing retinal 
antigen-specific lineages. T helper cell lines Th1, Th9 and Th17 are likely 
uveitogenic. Th1 and Th2 seem to have a double role as pathogens and 
protective agents in the pathogenesis of uveitis. Without an antigen-
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mediated activation, T cells can differentiate into T regulatory cells that can 
dampen uveitogenic T cell migration into the eye. In the eye, the activated 
retinal antigen-specific T cells break down the blood-retinal barrier, which, 
together with neutrophils and cytokines, induces uveal inflammation.50,51 It 
is unknown how closely human uveitis resembles experimental uveitis in 
animal models. The only common factor seems to be T cells that induce 
experimental autoimmune uveitis while T cell-targeting drugs abatacept, 
cyclosporine A, mycophenolic acid, and tocilizumab can control 
inflammation in human uveitis.36,49,52–56 The other two factors present in the 
induction of experimental animal uveitis, retinal antigens and environmental 
factors, are unrevealed in the pathogenesis of human uveitis.36,49 
An autoimmune pathogenesis is uncertain in many idiopathic uveitidis 
including JIA-uveitis.49 Agreeing with an autoimmune pathway, T cells seem 
to have a role in JIA-uveitis. JIA-uveitis-related inflammation can be treated 
with T cell-targeting drugs.52,54–58 Children with JIA, those with JIA-uveitis, 
and those with idiopathic uveitis without JIA, have elevated serum levels of 
uveitogenic Th17 cells. The serum Th1/Th2 ratio, a possible marker for 
uveitis, is increased among patients with JIA-uveitis.59 It is not yet known 
whether these changes in Th levels contribute to the pathogenesis of uveitis 
or are a consequence of it.51,59 Disagreeing with an autoimmune 
pathogenesis, specific autoantigens have not been identified and 
representative experimental autoimmune animal models do not exist for 
JIA-uveitis. An autoinflammatory origin is also uncertain in the pathogenesis 
of JIA-uveitis because a key marker for autoinflammation is lack of a T cell 
driven inflammatory response.51,59 Nevertheless, these findings do not rule 
out either autoimmunity or autoinflammation as a part of the disease process 
in JIA-uveitis or uveitis in general.49 
2.2.1. TNF 
TNF is a cytokine involved in controlling inflammation, anti-tumor 
responses, and immune system homeostasis. TNF has both anti-
inflammatory and proinflammatory activities. TNF mediates inflammatory 
activity of T cells and structural cells such as fibroblasts, endothelial cells, 
and epithelial cells. It is pathogenic in many inflammatory diseases and, 
possibly, also protective in some inflammatory diseases. It is not clear how 
much TNF contributes to autoimmunity or protection against 
autoimmunity.51,60 
TNF is expressed in soluble and transmembrane forms by multiple cell 
types integral to ocular inflammation such as Th1 and Th17 cells, monocytes, 
macrophages, and resident ocular cells.51,60 TNF seems to play a major role in 
non-infectious uveitis and in JIA.51,60,61 Patients with uveitis have elevated 
TNF levels in their peripheral serum and aqueous humour.51,62–64 A 
correlation has been found between recurrent uveitis and elevated TNF 
serum levels.63 In experimental animal models, TNF causes blood-retinal 
barrier breakdown, and anti-TNF therapy suppresses uveal 
inflammation.65,66 
Patients with JIA-uveitis15,67,68 and JIA69,70 benefit from TNF inhibitor 
therapy, although no clear connection exists between TNF serum levels and 
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JIA, or between TNF serum levels and clinical improvement of JIA with TNF 
inhibitors.61,71–73 This inconsistency highlights the lack of understanding of 
the inflammatory pathways and interrelations of cytokines in inflammatory 
diseases.61 
2.3. VISUAL PROGNOSIS 
The course of JIA-uveitis can be so severe that it may cause bilateral 
blindness.7,13 The frequency of severe vision loss with BCVA ≤0.1 in eyes with 
JIA-uveitis ranges from 4% to 34%.3,7,9,10,12,13,47 In a study by Angeles-Han et 
al. published in 2015, 45% of the children with JIA-uveitis had vision loss, 
and 18% had severe vision loss with BCVA ≤0.1 in both eyes.13 
Risk factors for poor visual prognosis are diagnosis of uveitis concurrently 
with JIA, ocular complications at the time of diagnosis, high-grade uveitis, 
≥3 ocular complications, intraocular surgeries during treatment, lack of 
antirheumatic medication, bilateral uveitis, and long disease 
duration.8,9,12,13,19 
The goal of treatment in JIA-uveitis is to achieve and maintain good 
vision throughout life. Improved visual prognosis can be achieved by early 
diagnosis, good control of the inflammation, avoidance of ocular 
complications, and minimising the need for intraocular surgeries.8,9,16,19 
2.4. CONTROL OF INFLAMMATION 
In chronic anterior JIA-related uveitis, the likelihood of poor visual 
prognosis increases with increasing anterior chamber inflammatory cell 
count.9,16 The risk of poor visual prognosis begins to increase markedly when 
the anterior chamber cell count reaches >5 cells /1 mm2 in a slit lamp beam. 
HR for poor BCVA ≤0.1 increases from 1.15 to 6.99 when the cell count 
increases from ≤5 /1 mm2 to >40 /1 mm2 in the anterior chamber.9 
Clinical remission defined as 0 cells /1 mm2 in the anterior chamber 
should be pursued when treating JIA-uveitis. If remission is not achievable, 
no more than 1-5 cells /1 mm2 should be pursued to ensure a favourable 
visual outcome in the long-term.9,16 
In anterior uveitis, the inflammation breaks down the blood aqueous 
barrier causing flare, protein leakage, in the anterior chamber. Flare can be 
measured with a laser flare photometry or by grading based on visual cues on 
biomicroscopy.17,74 In a laser flare photometry study by Tappeiner et al., 
higher flare values correlated with higher anterior chamber cell grades. In 
their study, higher occurrence of uveitis-related complications was associated 
with higher flare values at baseline visit but not with anterior chamber cell 
counts. This finding suggests that flare may express JIA-uveitis-related 
inflammatory activity separately from anterior chamber cells.74 
JIA-uveitis is traditionally treated following a stepladder guideline. The 
first step is glucocorticoid treatment for up to 3 months, after which 
antirheumatic therapy is introduced if the uveitis is not under control. The 
second step is methotrexate or another non-biologic DMARD if methotrexate 
18 
is not suitable. If uveitis is not under control after 3 months of non-biologic 
DMARD therapy with or without glucocorticoids, TNF inhibitor treatment is 
started.15 
A combination therapy of methotrexate, glucocorticoids and, ideally, TNF 
inhibitors should be started at the time of diagnosis in patients who have 
sight-threatening complications and severe ocular inflammation.14,18 
It should be noted that no studies have been conducted to confirm the 
best order of the steps – or the duration of each step – in the current 
treatment guidelines for JIA-uveitis. 
2.4.1. GLUCOCORTICOIDS 
Treatment for JIA-uveitis is started with a topical glucocorticoid 
monotherapy for patients with mild uveitis diagnosed without uveitis-related 
complications.18,7518,74 However, there is very little evidence to support the 
long-term use of topical glucocorticoids in the treatment of JIA-uveitis.18 
Prednisolone acetate and dexamethasone are the first line choices for 
topical glucocorticoid treatment for uveitis. Topical glucocorticoids are given 
at a frequency that is required based on the severity of the inflammation. If 
inflammation is under control, topical treatment is tapered step by step 
aiming for glucocorticoid-free remission.75 If JIA-uveitis is not under control, 
new complications arise, or if existing complications worsen during topical 
glucocorticoid treatment, systemic antirheumatic treatment is 
introduced.14,18 
In JIA-uveitis, topical glucocorticoid use should be limited to 3 months 
according to the 2019 American College of Rheumatology/Arthritis 
Foundation guideline. Their guideline recommends introduction of 
antirheumatic treatment and tapering of glucocorticoids if 1-2 daily 
glucocorticoid drops are needed to control the JIA-uveitis. In other words, if 
controlling JIA-uveitis requires at least one glucocorticoid eye drop every 
day, the patient should be treated with antirheumatics.18 In comparison, an 
older treatment guideline published in 2012 by Heiligenhaus et al. endorsed 
continued topical treatment of JIA-uveitis with as many as 3 glucocorticoid 
eye drops per day.15 
Systemic glucocorticoids can be given to selected patients with severe 
uveitis as a short-term bridging treatment. Otherwise, topical glucocorticoids 
and systemic antirheumatic therapy are preferred over systemic 
glucocorticoids in the treatment of JIA-uveitis.13,14 Glucocorticoids have also 
been administered periocularly or intraocularly in some patients although no 
consensus has been reached on their use in treating JIA-uveitis.14,18,25,76,77 
Long-term use of glucocorticoids should be avoided due to serious side 
effects, particularly in children.18,75 Minimising the use of topical 
glucocorticoids is beneficial in protecting the eye from glucocorticoid-related 
cataract, ocular hypertension, and glaucoma.78,79 Systemic side effects of 
glucocorticoid use include adrenal insufficiency, growth suppression, 
gastrointestinal and hepatic issues, hyperglycemia, hyperlipidemia, 
hypertension, osteoporosis, fragility related fractures, and infections.80–82 
The role of glucocorticoids in the treatment of JIA-uveitis has shrunk 
between the 2012 and 2019 guidelines.15,18 Glucocorticoid use may well 
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continue decreasing in the future as studies and clinical experience show that 
glucocorticoids are associated with higher rates of ocular complications, 
complication-related surgeries, and worse visual outcome in JIA-uveitis, 
compared with systemic antirheumatic treatment.9,12,16 Randomised, 
controlled studies are needed to better compare the safety and efficacy of 
glucocorticoids with non-biologic DMARDs, biologic drugs, or a combination 
thereof in the long-term treatment of JIA-uveitis. 
2.4.2. DMARDS 
Methotrexate is the gold standard DMARD for JIA-uveitis. In a review of 
52 articles, 73% of the children with JIA-uveitis achieved clinical remission 
of uveitis, or 2 SUN-grades of improvement with methotrexate.83 If 
methotrexate is not suitable because of side effects, other DMARDs can be 
considered in treating JIA-uveitis.14,15,18,52,84 
Control of JIA-related uveitis can be expected in 62% of patients with 
azathioprine monotherapy.84 Mycophenolic acid maintained good control of 
uveitis at ≤SUN 0.5+ in 73% of patients with JIA-uveitis in a study by Chang 
et al.52 Cyclosporin A is of limited value as a monotherapy in JIA-uveitis, but 
can be effective when combined with methotrexate according to Tappeiner et 
al.54 Leflunomide should not be used as a treatment for JIA-related uveitis 
because it associates with a 150% higher flare rate and 50% higher need of 
TNF inhibitor treatment compared with methotrexate.85 
Short-term gastrointestinal side effects – especially nausea – are common 
with methotrexate, azathioprine, and mycophenolic acid treatment.52,83,84 
The long-term safety profile of non-biologic DMARD medication is 
acceptable.70,86  
2.4.3. TNF INHIBITORS 
TNF inhibitors are biologic drugs that are fully human or humanised 
antibodies that bind specifically to, and neutralise, human TNF.87 They 
induce clinical remission in a wide variety of inflammatory diseases, 
including uveitis.15,88 It is not known if the effect of TNF inhibition in JIA-
uveitis is mediated primarily locally in the eye, systemically, or both. If local 
TNF inhibition is required for good control of uveitis, the blood-ocular 
barrier might be a limiting factor as regards intraocular access of TNF 
inhibitors, unless this barrier is rendered permeable because of the 
uveitis.89,90 
Adalimumab and infliximab are the first-line TNF inhibitors in treating 
JIA-uveitis.14,15,18 In the treatment of JIA-uveitis, only adalimumab has been 
studied in randomised and controlled clinical trials.43,67 
Patients with JIA-uveitis treated with adalimumab experience 
consistently high uveitis remission rates as high as 62-67%.67,91 A 
randomised controlled trial by Ramanan et al. compared methotrexate with 
placebo (30 patients) to a combination of methotrexate and adalimumab in 
JIA-uveitis for up to 2 years of treatment. Inactive uveitis defined as zero 
cells in the anterior chamber was observed in 62% of the adalimumab-
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treated patients and in 7% of the placebo-treated patients. Treatment failure 
was observed in 27% in the adalimumab group and 60% in the placebo 
group. Hence, treatment failure was reduced by 75% with adalimumab. 
Treatment failure criteria included no improvement of inflammation in SUN-
grades when the baseline SUN grade was ≥1+, a two-grade worsening in SUN 
grades, ≤1 grade of improvement in SUN grades and development of a new 
ocular complication; and worsening of an existing ocular complication. 
Additionally, patients treated with methotrexate and adalimumab had longer 
duration of inactive disease, and they needed less glucocorticoid treatment 
than the patients on methotrexate and placebo.67 
Quartier et al. studied a group of young patients (age range, 5-20 years) 
with active JIA-related uveitis (29 patients) or non-JIA-related idiopathic 
uveitis (2 patients) who were treated with methotrexate and topical 
glucocorticoids. Their patients were randomised in an adalimumab 
treatment group and a placebo group for 2 months. Response to treatment 
was defined as improvement of laser flare photometry values by ≥30% and 
no worsening in slit-lamp examination. Response rate was 64% (9 of 14) in 
the adalimumab group and 20% (3 of 15) in the placebo group at 2 months.43 
In a study by Llorenç et al., certolizumab pegol controlled uveitis 
unrelated to JIA in 5 of 7 patients.92 A multicenter study is being conducted 
to study the effect of certolizumab pegol in JIA. 
Etanercept does not seem to control JIA-related uveitis as effectively as 
adalimumab and infliximab.93–96 Both relapses of uveitis and first episodes of 
uveitis have been reported during treatment with etanercept.94 This lack in 
efficacy might be explained by observations of Walters et al. who reported 
that patients with JIA treated with etanercept have a paradoxical increase in 
TNF levels despite clinical improvement of arthritis.61 In a small (12 patients) 
randomised, double-masked, placebo-controlled trial, etanercept was no 
better than placebo in controlling JIA-uveitis.95 In a study by Reiff et al., 
treatment with etanercept led to remission in 4 of 18 eyes (22%) of 10 
patients within 3 months of treatment of paediatric JIA-related or non-JIA-
related uveitis.93 Tynjälä et al. compared etanercept treatment to infliximab 
in JIA-uveitis. In their study the uveitis improved in 5 of 24 (21%) patients 
with etanercept whereas in 9 of 21 (43%) patients with infliximab.96 The 
comparatively low success rate with infliximab in the study by Tynjälä et al. 
can be explained by the low drug dosing that was used in the study.68,96,97 
Golimumab controlled JIA-uveitis of all 3 patients in a report by William 
et al.98 In a study by Palmou-Fontana et al., 2 of 7 patients maintained 
control of JIA-uveitis on golimumab.99 
Infliximab-induced clinical remission varies from 20% to 100% in JIA-
uveitis. With infliximab, clinical remission is achieved more commonly with 
higher doses.68,97 
2.4.3.1. Safety 
Tolerability of TNF inhibitor treatment has been acceptable in patients 
with JIA. Minor side effects at the site of injection, such as pain, erythema, 
localised rash, minor haemorrhage, or local irritation are commonly seen.67–
69 
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A higher risk of infections has been suspected during TNF inhibition. 
Among patients with JIA-uveitis, there were 10 adverse events per patient-
year with adalimumab treatment whereas a placebo group had 6.5 adverse 
events per patient-year. Respiratory disorders and infections were the most 
common side effects in the adalimumab-treated group.67 In a meta-analysis 
on the treatment of JIA with any TNF inhibitor, no significant differences in 
infection rates were found among the TNF inhibitor-treated patients 
compared to those on other therapies (OR 1.13, 95% CI 0.76-1.69, p=0.54).100 
Patients receiving TNF inhibitors are at increased risk of mycobacterium 
tuberculosis infections, which is why latent tuberculosis is screened prior to 
TNF inhibitor treatment in JIA.101,102 After a negative screening result, very 
few paediatric patients develop a mycobacterium tuberculosis infection. In a 
review including 3003 patients with JIA and treated with TNF inhibitors, 
one patient was diagnosed with a mild pulmonary infection related to 
mycobacterium tuberculosis.101 In a prospective cohort study of 167 
paediatric patients with a rheumatic disease and treated with TNF inhibition, 
3 patients were diagnosed with latent tuberculosis. They received anti-
tuberculosis treatment and were given TNF inhibitors thereafter.102 
A higher risk of optic neuritis during TNF inhibitor treatment has been 
suspected.103 The risk may be higher especially for patients with a family 
history of demyelinating diseases.104 The overall prognosis of TNF inhibitor-
associated optic nerve inflammation seems favourable in adults.103 No 
reports on demyelinating diseases in children, JIA, or JIA-uveitis during 
TNF inhibitor treatment have been published to date. 
Long-term safety reports on treating children with a biologic treatment 
are lacking. However, no increase in overall mortality or cancer mortality 
coinciding with TNF inhibitor therapy has been found in large cohort 
studies.105,106 
2.4.3.2. ADAb formation 
Failure of TNF inhibitor treatment can be caused by immunisation 
against the given TNF inhibitor.88,107–109 Exposure to any foreign antigen, 
such as a TNF inhibitor, can initiate an unwanted host immune response. 
Endocytosis of the TNF inhibitor by antigen-presenting cells may lead to T 
effector cell proliferation and activation. T cell activation can cause B cell 
activation and differentiation into ADAb-secreting B cells and memory B 
cells. 
ADAbs that bind to the drug can impair drug efficacy. If ADAbs bind to 
functionally relevant parts of the TNF inhibitor and negate its function, they 
are pharmacologically neutralising. Non-neutralising antibodies bind to 
pharmacologically irrelevant portions of the drug. Binding of ADAbs to the 
drug will form immune complexes that can reduce treatment efficacy by 
enhancing further ADAb production and drug clearance, and by reducing the 
half-life of the drug.110 
Endocytosis of the TNF inhibitor by antigen-presenting cells may also 
lead to drug-specific tolerance. If the antigen is internalised from apoptotic 
cells instead of necrotic cells, the antigen tolerance is maintained better. 
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Antigen-specific tolerance is promoted by migrating immature dendritic cells 
that can suppress auto-reactive T effector cells.111 
Immune complexes that are formed between TNF inhibitors and ADAbs 
can provoke potentially harmful hypersensitivity to the drug.110,111 In a study 
by Ruperto et al., infliximab-related infusion reactions were more common 
(58%) among patients with JIA and ADAbs than among patients with JIA but 
no ADAbs (19%). In their study, anaphylactic reactions occurred only among 
ADAb-positive patients (4 of 20).112 In contrast, adverse reactions were not 
associated with ADAbs when JIA was treated with adalimumab.69,113 The 
underlying pathology of this discrepancy remains obscure.110,111 
Anti-adalimumab antibodies seem to be predominantly neutralising 
ones.110 In line with this, ADAb development and related low levels of the 
drug in the serum have been associated with failure of adalimumab 
treatment in JIA-related and other types of non-infectious uveitis.114–116 Only 
3 JIA-uveitis-related case series on anti-adalimumab antibodies have been 
published by October 2020 (II).115,116 Skrabl-Baumgartner et al. reported that 
9 of 20 (45%) patients with JIA-uveitis treated with adalimumab had 
ADAbs.116 Murias et al. found ADAbs in all of their 8 patients with JIA-
related or non-JIA-related uveitis.115 In JIA in general, ADAbs are detected in 
up to 26% of adalimumab-treated patients.69,117 
Both drug-related factors and patient-related genetic factors seem to 
influence immunogenicity of TNF inhibitors.118,119 
Higher doses of a TNF inhibitor might protect patients against formation 
of ADAbs because serum levels of ADAbs have reversed after increasing 
dosing of a TNF inhibitor.111,120 Lower prevalence of ADAbs and higher 
clinical remission rates have been reported in patients with higher doses of 
TNF inhibitors.97,112,121,122 This result is consistent in all studies97,112,121,122 but 
that of Aeschlimann et al., in which patients with ADAbs were given a lower 
dose of infliximab by a mean of 0.2 mg/kg and no association was found 
between the dosing and ADAb formation in JIA or JIA-uveitis.123 
Treatment with methotrexate is a known protective factor against 
formation of ADAbs in JIA and other diseases.69,107,108,117,124 In a meta-
analysis on adalimumab treatment for JIA, concomitant use of methotrexate 
reduced the risk of ADAb development by 67%.124 In a meta-analysis by 
Garcês et al., concomitant methotrexate or azathioprine or mercaptopurine 
reduced the frequency of ADAb formation during treatment with 
adalimumab or infliximab by 47% among patients with rheumatoid arthritis, 
spondylarthropathies, psoriasis, and inflammatory bowel diseases.107 A 
higher dose of methotrexate has been associated with lower immunogenicity 
against adalimumab among patients with rheumatoid arthritis.125 High levels 
of a TNF ligand, called B cell activating factor, have been associated with lack 
of anti-TNF antibody formation in patients and in experimental animal 
models receiving concomitant methotrexate.126 Nevertheless, it remains 
unclear exactly how methotrexate treatment modulates the immunisation 
against TNF inhibitors. One hypothesis is that because methotrexate can 
reduce the overall level of inflammation and TNF production, fewer TNF 
inhibitor molecules get consumed, which may result in higher TNF inhibitor 
trough levels and lower ADAb formation.119 If lowering the overall 
inflammatory level impacts ADAb formation, other DMARDs should also 
protect against ADAbs. However, among non-biologic DMARDs, only 
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methotrexate, azathioprine, and mercaptopurine seem to protect against 
ADAb formation.69,107,108,117,119,124 Moreover, the ADAb-reducing effect of 
azathioprine is found only in patients with Crohn’s disease.119 
Unfortunately, therapeutic serum levels for any medication needed for 
successful treatment of JIA-uveitis are presently unknown. Furthermore, 
some patients seem to maintain sufficient disease control despite forming 
ADAbs, at least in rheumatoid arthritis, spondylarthropaties, inflammatory 
bowel diseases, and psoriasis.107 The current clinical practice is to give the 
patient a higher dose of the TNF inhibitor, methotrexate, or both, to prevent 
treatment failure if the patient has a low trough level of TNF inhibitor with or 
without ADAbs, a poor control of inflammation, or both. If increasing doses 
does not improve the efficacy of the treatment, another biologic drug is 
chosen.107,108,124 
Immunisation against another TNF inhibitor is common after 
development of ADAbs against one TNF inhibitor although ADAbs are drug-
specific. This may be explained by potentially predisposing genetic 
variations.118 When switching TNF inhibitors, special care should be taken in 
dosing methotrexate and TNF inhibitor to prevent ADAb development.107,120 
If TNF inhibitor treatment fails, tocilizumab or rituximab can be considered 
as alternative therapies in JIA-uveitis.53,56(p),58,127,128 
2.4.4. OTHER BIOLOGIC TREATMENTS 
Abatacept is a T cell co-stimulation modulator that inhibits T cell 
activation. In a multicenter setting, 21 patients with active JIA-uveitis were 
given abatacept. Three (14%) patients sustained inactivity of uveitis until 
their uveitis recurred after tapering of glucocorticoids and DMARDs.55 In 
another study, 35 patients with JIA-uveitis were given abatacept either as a 
first-line biologic drug or a second-line drug after treatment failure with TNF 
inhibitors. Seventeen patients had remission of uveitis with abatacept 
treatment. A clinical remission rate of 55% was achieved after excluding 4 
patients who discontinued their treatment.57 
Rituximab is a monoclonal antibody directed against a B cell marker. 
Although uveitis seems to be a T cell-mediated disease, rituximab induced 
inactivity of JIA-uveitis in 7 of 10 patients within 6-9 months. Uveitis 
recurred in 3 of 7 patients and retreatment with rituximab re-induced their 
uveitis inactivity.127 
Tocilizumab is an anti-interleukin-6 receptor antibody. IL-6 is a 
proinflammatory cytokine that induces proliferation and differentiation of T 
cells and differentiation of B cells. Increased IL-6 serum levels have been 
found in patients with uveitis and other inflammatory diseases.129 In a study 
by Tappeiner et al., tocilizumab was given to 17 patients with JIA-uveitis, 
whereafter 10 (59%) of them achieved inactive uveitis. Additionally, uveitis-
related macular oedema resolved in 5 patients with tocilizumab.58 In another 
case report, 9 of 13 (69%) patients achieved remission of uveitis with 
tocilizumab.128 
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2.5. OCULAR COMPLICATIONS 
Ocular complications eventually occur in the majority of eyes with JIA-
uveitis.8,9,12,13,16,130,131 Ocular complications are especially common in eyes 
with uveitis diagnosis close to the onset of arthritis highlighting the 
importance of early uveitis screening in JIA.41 In newly diagnosed JIA-
uveitis, complications are found in 21-67% of eyes.4,8,19,132 Ocular 
complications are associated with reduced visual acuity and blindness in JIA-
uveitis.8,9,13,19 
Common JIA-uveitis-related complications include band keratopathy, 
posterior synechiae, cataract, low IOP, high IOP and related secondary 
glaucoma, and macular oedema (Table 4). Less common complications 
include epiretinal membrane formation, retinal vasculitis, retinal 
detachment, and optic disc oedema.8,9,13,19,133,134 
Table 4.  Ocular complications in JIA-uveitis 
Complication 
Angeles-Han 
et al.13 Gregory et al.9 Kump et al.133 Rypdal et al.41 
Band keratopathy 25 % 36 % 46 % 7 % 
Posterior synechiae 31 % 30 % 58 % 14 % 
Cataract 31 % N/A 64 % 24 % 
Glaucoma,  
elevated IOP 17 % 16 % 20 % 22 % 
Macular oedema 15 % 12 % N/A % 7 % 
 
Advanced band keratopathy, cataract, and macular oedema cause direct 
obscuration of the central vision. They are among the most common 
complications that cause poor vision in JIA-uveitis.19 Posterior synechiae are 
associated with poor visual prognosis also, although they generally do not 
have any direct impact on vision.8,19 Glaucoma causes optic nerve damage 
and permanent visual field loss that can eventually be absolute so that the 
eye loses the ability to perceive light.82,130,131 Ocular hypotony (IOP <5 
mmHg) occurs in 3-18% of eyes with JIA-uveitis.9,41,135 Ocular hypotony is 
associated with severe loss of vision in eyes with uveitis. Risk factors for 
ocular hypotony include prior glaucoma surgery, cataract surgery, and pars 
plana vitrectomy. Ocular hypotony is often an untreatable condition. Chronic 
ocular hypotony can lead to loss of function and shrinking of the eye – 
phthisis bulbi – which is an end-stage for the eye.135 
Active inflammation, high-grade uveitis, and diagnosis of uveitis at first 
visit are associated with higher complication rates in JIA-uveitis.8,13,16,19 
Further complications can develop during treatment and follow-up. Thorne 
et al. reported that new complications occurred at a rate of 0.33 per eye-year 
during a 3 year follow-up.16 Further complications develop more frequently 
in eyes that have pre-existing JIA-uveitis-related complications.9 Higher 
level of inflammation measured by laser flare photometry associates with 
more frequent ocular complications.136 Glucocorticoid treatment increases 
the incidence of complications. Local and systemic glucocorticoids show a 
dose-dependent association with both cataract formation and high 
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IOP.78,79,137 Antirheumatic immunosuppressive treatment reduces the risk of 
several complications, including cataract,79 low IOP,16 high IOP,82 epiretinal 
membrane formation,16 and macular oedema.138(p) Moreover, low visual 
acuity from JIA-uveitis is less common in patients treated with 
antirheumatics than in those without antirheumatic treatment.9,16 
2.5.1. CATARACT 
Up to 64% of patients with JIA-uveitis develop a cataract at a young 
age.13,133 Cataract surgery is performed at a mean time of 3.3-4.5 years after 
the diagnosis of JIA-uveitis, at around 11 years of age.29,139,140 
Risk of developing a cataract in JIA-uveitis is associated with posterior 
synechiae, active uveitis, and use of glucocorticoids.79,140 Thorne et al. 
reported that patients treated with ≤3 glucocorticoid eye drops daily had an 
87% lower risk of having a cataract than patients treated with >3 drops.79 
This is why a 2012 guideline for managing JIA-uveitis suggests that topical 
glucocorticoid treatment is kept at a maximum 3 drops per day.15 A 2019 
guideline does not recommend using corticosteroid eye drops as frequently 
as once per day in the long-term.18 
Methotrexate may lower the risk of cataract development and delay the 
need for cataract surgery by a mean of 3.5 years.140 
2.5.1.1. Cataract surgery 
Postoperative course and visual prognosis after cataract surgery are 
generally worse in JIA-uveitis than in uveitis related to other diseases.32 
BenEzra and Cohen published in 2000 that BCVA ≥0.5 was achieved only in 
2 of 9 eyes with JIA-uveitis after cataract surgery with or without primary 
IOL implantation.141 
Later studies have shown more favourable results in cataract surgery with 
primary IOL implantation in JIA-uveitis.29,30,139 In a retrospective study by 
Grajewski et al. in 2012, the mean BCVA was 0.5 in decimal notation 
(logMAR 0.3, SD 0.2) after a mean of 2.2 years of follow-up.30 In 2006, 
Kotaniemi and Penttilä from Finland reported a rate of 64% for BCVA ≥0.5 
after a mean of 3.3 years of follow-up.29 In 2019, Kulik et al. confirmed a 
similar rate of 65% for BCVA ≥0.5 after 34 cataract surgeries in 24 patients. 
Their median follow-up was 10.9 years (range, 1.0-23.1). Further comparison 
can not be made with the current or previous studies because follow-up 
details were available for only 17 of 24 patients and not for individual eyes.139 
Postoperative complications are common after cataract surgery of eyes 
with JIA-uveitis. Unfortunately, complication rates in eyes with JIA-uveitis 
but without cataract surgery are not available for comparison. Cataract 
surgery-related complications include new synechiae, persistent 
inflammation, pupillary membranes, fibrinoid reactions, IOP rise and 
secondary glaucoma, ocular hypotony and related phthisis bulbi, IOL 
decentration, IOL deposits and pigmentation, PCO and retrolental 
membrane formation, and chronic macular oedema.28–30,141,142 
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Secondary glaucoma is a common complication of JIA-uveitis with or 
without cataract surgery. Both Kotaniemi et al.29 and Kulik et al.139 studied 
JIA-uveitis-related cataract surgeries with or without posterior capsulotomy 
and anterior vitrectomy. They found that secondary glaucoma was present in 
38-39% of eyes prior to cataract surgery. Secondary glaucoma developed in 
19-38% of previously unaffected eyes. By the end of the follow-up, frequency 
of secondary glaucoma was 50-62% and frequency of glaucoma surgery was 
39-53%.29,139 Considering the overall complication rates in JIA-uveitis, 
glaucoma may be more common in eyes after cataract surgery (50-62%)29,139 
than in eyes with or without cataract surgery (14-42%).20,82,131,143 
Macular oedema has been detected in 14-44% of eyes with JIA-uveitis 
after cataract extraction and primary IOL implantation,29,139 which suggests 
that the rate of macular oedema is at least as common after cataract surgery 
as compared with overall frequencies of macular oedema (3-48%) in JIA-
uveitis with or without cataract surgery.13,19,26,144 
More rarely reported complications of cataract surgery in JIA-uveitis 
include postoperative corneal decompensation (6%), 139 retinal detachment 
(6%),29 and severe ocular hypotony resulting in phthisis (6%).139 
2.5.1.2. Primary intraocular lens implantation 
Primary intraocular lens implantation has been a topic of controversy in 
cataract surgery of JIA-uveitis.142 
In 2010, Sijssens et al. reported that long-term visual outcome was better 
in pseudophakic than aphakic eyes after cataract surgery in JIA-uveitis until 
7 years. In their study, complication rates of macular oedema, optic disc 
oedema, ocular hypertension, glaucoma, and ocular hypotony did not differ 
between the pseudophakic and aphakic group.145 On the contrary, Magli et al. 
reported a higher incidence of secondary glaucoma after primary compared 
with secondary IOL implantation in patients with JIA-uveitis.31 
In Helsinki University Hospital, primary IOL implantation has been a 
preferred practice over secondary implantation or aphakia in JIA-uveitis 
since the 1990’s. All eyes structurally suitable for a primary in-the-bag IOL 
have been implanted with an IOL, although some experts suggest that 
patients with persisting hypotony or active uveitis should be left aphakic at 
cataract surgery.29,141 
No publications compare different IOL options in JIA-uveitis-related 
cataract surgery. In a review and meta-analysis of cataract surgery in various 
types of uveitis, eyes receiving an acrylic or a heparin-surface-modified 
PMMA IOL achieved better visual acuity outcomes than eyes receiving a non-
heparin-surface-modified PMMA or a silicone IOL.146 With regard to uveitis 
reactivation and PCO development, hydrophilic and hydrophobic lenses 
seem to perform equally well in eyes with uveitis.147,148 A hydrophobic acrylic 
IOL has been the primary choice in JIA-uveitis-related cataract surgery in 
Helsinki University Hospital. 
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2.5.1.3. Anterior vitrectomy in cataract surgery 
Anterior vitrectomy and primary posterior capsulotomy have been 
thought to reduce the incidence of postoperative PCO in paediatric cataract 
surgery.149 In children, PCO develops in 41-100% of eyes with uveitis with or 
without JIA.29,30,139,150,151 In addition to PCO, fibroelastic retrolental 
membranes at the level of the posterior capsule can develop in pseudophakic 
eyes.150,151 Retrolental membrane development might be less common in 
patients treated with antirheumatic medication, and when anterior 
vitrectomy with posterior capsulotomy is performed during cataract 
surgery.30 Postsurgical PCO and retrolental membranes can be removed with 
an Nd:YAG laser, or surgically.29,30,139,141,150 
Posterior capsulotomy with anterior vitrectomy is traditionally performed 
during cataract surgery in eyes with paediatric uveitis, with or without JIA, 
because it is thought to reduce both PCO and retrolental membrane 
formation.31,141,145,150 In contrast, some studies have shown that PCO and 
retrolental membranes develop in eyes with uveitis despite a posterior 
capsulotomy and anterior vitrectomy.29,139,141,150 In Helsinki University 
Hospital and some other centers, auxiliary posterior capsulotomy and 
anterior vitrectomy during cataract surgery is currently reserved for very 
young patients in hopes of delaying the need for postoperative removal of 
any opacification, and for eyes with vitreous pathology.139,150 
2.5.1.4. Controlling the inflammation during cataract surgery 
Eyes with JIA-uveitis are thought to have a tendency to develop a more 
severe inflammatory response to cataract surgery than eyes with other types 
of childhood-onset uveitis.28,32,141 Quiñones et al. found that most patients 
with a postsurgical relapse of uveitis were patients with JIA. In their series, 
most patients with JIA were left aphakic and had a more severe course of 
uveitis also preoperatively. No multivariable analysis was carried out to 
identify other possible variables contributing to postoperative relapses.32 On 
the contrary, Grajewski et al. reported that their patients with JIA-uveitis did 
not have any relapses after cataract surgery with IOL implantation.30 
Perioperative intravitreal triamcinolone injection may reduce 
postoperative flare-ups and fibrin formation in JIA-uveitis.30,152 In a 
retrospective chart review of 22 patients with JIA-uveitis undergoing 
lensectomy and anterior vitrectomy, 12 patients were given a 4 mg injection 
of intraocular triamcinolone, and 10 patients were given systemic 
intravenous and oral glucocorticoids. No fibrin reaction occurred in the 
triamcinolone group whereas 5 of 10 patients in the systemic glucocorticoid 
group had postoperative fibrin formation.152 In one center, 8 eyes with JIA-
uveitis received a sustained-release dexamethasone implant during cataract 
surgery. Two eyes developed a postoperative flare-up despite the implant. 
This result should be considered anecdotal because of the small study size 
and lack of a control group.153 
In a review and meta-analysis of cataract surgeries in various types of 
uveitis, better preoperative control of uveitis was associated with better 
outcomes.146 Also in JIA-uveitis, antirheumatic therapy and meticulous 
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control of uveal inflammation may lead to improved outcomes after cataract 
extraction.31,32 Unrelated to cataract surgery, antirheumatic treatment and 
better control of uveitis prevent and treat ocular complications, and improve 
the visual outcome in JIA-uveitis.9,12,16,29,32,139 Moreover, eyes with less co-
pathology have better chances for attaining favourable outcomes after 
cataract surgery in general.154 All these findings are interconnected and it is 
unclear if the recent improvement in results following cataract surgery in 
JIA-uveitis results from overall healthier eyes undergoing cataract surgery, 
more careful control of uveitis, giving patients antirheumatic treatment 
during cataract surgery, or a combination of them. 
At present, a safe practice in JIA-uveitis is to perform cataract surgery 
only in eyes with remission or ≤SUN 0.5+ uveitis, control their inflammation 
meticulously, and use antirheumatic treatment before, during, and after 
cataract surgery. 
2.5.2. SECONDARY GLAUCOMA 
Glaucoma is a major risk factor for severe vision loss in JIA-
uveitis.9,20,82,131,137,143 Glaucoma develops in 14-42% of eyes with JIA-
uveitis.20,82,131,143 In children, the diagnosis of glaucoma is based on elevated 
IOP and detected optic nerve rim loss because reliable visual fields can be 
hard to obtain. The optic disc damage and visual field loss may develop 
quickly and they are irreversible.82,130,131 
Elevated IOP is very common in JIA-uveitis. In a follow-up study of 196 
eyes with JIA-uveitis, 61% had ocular hypertension or secondary glaucoma.82 
IOP starts to rise most often during the first 2 to 3 years after diagnosis of 
paediatric uveitis with or without JIA.82,155 In JIA-uveitis, the risk of 
developing glaucoma continues to increase beyond 7 years from diagnosis.156 
Among patients with JIA-uveitis, the risk of elevated IOP is higher if uveitis 
is active (> SUN 1+) and if topical or systemic glucocorticoids are used, 
whereas the risk is lower with systemic antirheumatic treatment.82,137 Severe 
vision loss ≤0.1 is almost four times as common with high IOP than without 
high IOP in JIA-uveitis.82 
The pathogenesis of uveitis-related IOP-elevation and glaucoma is 
undetermined.157 It is likely that inflammatory cells, proteins and debris 
obstruct the trabecular meshwork and constrain the aqueous humour 
outflow in eyes with chronic uveitis. Proinflammatory cytokines, enzymes, 
and free radicals have been studied but a direct causation has not been found 
between them and IOP-elevation in uveitis.157 
Glucocorticoid treatment – which is common in uveitis – is a well-known 
risk factor for high IOP and glaucoma.82 The pathogenesis of glucocorticoid-
induced glaucoma is unknown.157 In a multicenter study on 916 children with 
any non-infectious uveitis, the risk of elevated IOP increased with topical 
glucocorticoids in a dose-response manner.78 In their multivariate analysis, 
HR for IOP ≥21 mmHg was 0.75 (95% CI, 0.28-2.03, p<0.001) with 1 
glucocorticoid drop, 3.06 (95% CI, 1.67-5.60, p<0.001) with 2 drops, 3.57 
(95% CI, 1.82-7.02, p<0.001) with 3 drops, and 4.61 (95% CI, 2.81-7.57, 
p<0.001) with 4 glucocorticoid drops per day compared with no topical 
glucocorticoid treatment. With glucocorticoid injections, HR for IOP ≥21 
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mmHg was 7.96 (95% CI, 4.29-14.7, p<0.001) for periocular and 6.96 (95% 
CI, 1.41-34.2, p=0.02) for intraocular ones compared with no glucocorticoid 
injections. Systemic prednisolone ≤7.5 mg and >7.5 mg had an association 
with high IOP in an univariable analysis (p=0.01 and p=0.02, respectively).78 
Based on these studies,9,20,78,82,131,137,143 experts suggest that patients with 
JIA-uveitis are given antirheumatics instead of 1-3 glucocorticoid drops per 
day in the long-term to reduce the risk of elevating IOP. Furthermore, if IOP 
is elevated, glucocorticoid treatment should be replaced by antirheumatics,18 
because high IOP associates with severe vision loss in JIA-
uveitis.9,20,82,131,137,143 
2.5.2.1. Topical treatment 
Topical IOP-lowering medication is the first-line therapy for elevated 
IOP. The majority of patients with JIA-uveitis with high IOP require at least 
2 topical medications to control their IOP.82 However, very few studies report 
the efficacy and safety of antiglaucomatous medication in children. Beta-
blockers, carbonic anhydrase inhibitors and prostaglandin analogs seem 
effective and well tolerated in children. Alpha-2-agonists have potentially 
serious adverse effects in young children and should not be used in 
paediatric patients. Often the first choice for antiglaucomatous medication 
for paediatric patients is timolol that can be combined with carbonic 
anhydrase inhibitors for an improved IOP-lowering effect. Prostaglandin 
analogs might be less effective in reducing IOP in children than in adults.158 
Antiglaucomatous medication provides sufficient control of IOP in only 26-
32% of eyes with elevated IOP in JIA-uveitis.82,143 
2.5.2.2. Surgical treatment 
Surgical treatment is required in up to 62% of the eyes with JIA-uveitis to 
control high IOP and to prevent secondary glaucoma-related optic nerve 
damage.20,82,143 Neither comparative studies nor a commonly accepted 
treatment of choice exist for the surgical care of JIA-uveitis-related high IOP. 
The IOP-lowering procedures performed in JIA-uveitis include 
trabeculectomy,11,21,159 deep sclerectomy,21,160 glaucoma drainage devices,23,161 
goniosurgery,22 and transscleral diode cyclophotocoagulation.162 Surgical 
success is usually defined as IOP ≤21 mmHg without further IOP-lowering 
operations and without IOP-lowering medication. In general, prior ocular 
surgery, young age, and uveitis are known risk factors for surgical failure in 
glaucoma surgery.163 Hence the success rate of glaucoma surgery in JIA-
uveitis is low, and a mean of 2.6 surgeries are required to control high IOP of 
JIA-uveitis. In comparison, adult eyes with uveitis require a mean of 1.6 IOP-
lowering operations to gain sufficient IOP control.143 
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2.5.2.3. Trabeculectomy with or without MMC 
Trabeculectomy is a common surgical choice for JIA-uveitis-related 
glaucoma.11,21,164 In trabeculectomy, a piece of trabecular meshwork is 
removed under a scleral flap to increase the outflow of aqueous humour from 
the eye through the flap. The outgoing aqueous humour forms a filtering bleb 
under the conjunctiva and is slowly absorbed to conjunctival vessels. 
Increased outflow of aqueous humour decreases the IOP.165 
In adult eyes without uveitis, trabeculectomies can have successful 
survival rates with IOP ≤21 mmHg that are as high as 57% at 20 years 
without additional antiglaucomatous medication, and 88% with such 
medication.166 In JIA-uveitis, trabeculectomy success rates have been 
lower.11,21 A study by de Boer et al. included 9 trabeculectomies performed in 
eyes with JIA-uveitis. Five of 9 surgeries were successful in controlling the 
IOP.11 Heinz et al. reported 12 trabeculectomies in JIA-uveitis. One survived 
without medication, 8 survived with medication, and 3 trabeculectomies 
failed to control IOP ≤21 mmHg despite IOP-lowering medication.21 In 
paediatric uveitis not specifically associated with JIA, success rate of 
trabeculectomy has been 55% during 61 months (SD, 26) with or without 
antiglaucomatous medication.159 
Postoperative scarring of the filtering bleb and subsequent occlusion of 
the filtration cause failure to maintain IOP ≤21 mmHg after filtration 
surgery. In general, children have a more active postoperative fibrotic 
response and scar formation than adults.164,167 Accordingly, young age at the 
time of surgery is a known risk factor for filtration failure.166 Other risk 
factors for filtration failure are prior intraocular surgery163 and uveitis.166 
Among patients with paediatric uveitis, JIA has been associated with a lower 
surgical success rate after filtration surgery.21 In summary, paediatric 
patients with JIA-uveitis who undergo a trabeculectomy have a poor 
prognosis of maintaining IOP ≤21 mmHg. 
Surgical outcome after filtration surgery can be improved by using 
antimetabolites such as MMC,164 a chemotherapeutic drug that inhibits DNA, 
RNA and protein synthesis. MMC is applied to the trabeculectomy site to 
reduce postoperative fibrinogenesis and scarring of the filtration bleb in 
uveitis-related and other glaucoma surgery.160,163,164 The safety of MMC 
augmentation has been a topic of controversy because higher rates of 
postoperative endophthalmitis have been suspected after MMC use in 
paediatric glaucoma surgery.164 According to a Cochrane Database 
Systematic Review, MMC seems to reduce the relative risk of trabeculectomy 
failure. Following treatment with MMC, cataract formation might be more 
common but no significant increase in any other side effect, including 
infections, seem to exist in eyes with trabeculectomies.168 MMC-
augmentation is a standard practice in trabeculectomies in Helsinki 
University Hospital. 
TNF is a cytokine that plays a role in promoting scar formation through 
angiogenesis and collagen synthesis.169 It has been shown to enhance the 
proliferation of fibroblasts of human Tenon's capsule.170 Elevated TNF levels 
in the aqueous humour – a common occurrence in uveitis – has been 
associated with filtration failure.171 Topical treatment with TNF inhibitors 
has been shown to suppress postoperative ocular scarring in experimental 
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animal models.172,173 Therefore, adding TNF inhibitor treatment to MMC-
augmented trabeculectomies is an attractive treatment option for improving 
filtration success of trabeculectomies in uveitis eyes. 
In JIA-uveitis, trabeculectomy-related postoperative complications 
include cataract development, ocular hypotony and hypotony-related shallow 
anterior chamber, macular oedema, and choroidal detachment.21 Other less 
common trabeculectomy-related complications not specific to JIA-uveitis are 
bleb leakage, anterior chamber haemorrhage, infection of the bleb, and 
purulent endophthalmitis.165,166 The available patient series are too small to 
reliably estimate any frequencies for trabeculectomy-related complications in 
JIA-uveitis.11,21 In a patient series on adult uveitis-related glaucoma, cataract 
progression occurred in 45% and ocular hypotony in 30% of eyes that had 
undergone trabeculectomy.174 Saeedi et al. reported that ocular hypotony-
related macular oedema following trabeculectomy is more common in 
secondary glaucoma, such as uveitis-related glaucoma, than in primary 
glaucoma.175 Also, ocular hypotony-related macular oedema following 
trabeculectomy is more common in paediatric patients than in adult ones.175 
At the same time, prolonged ocular hypotony tends to be rare in children, 
which likely results from their more brisk healing response.159 
Despite the complications mentioned, BCVA may not decrease after 
trabeculectomy in JIA-uveitis.21 
2.5.2.4. Deep sclerectomy 
Deep sclerectomy is a form of non-penetrating filtration surgery that 
might not be as effective as trabeculectomy in controlling IOP of patients 
with paediatric uveitis. In a study by Heinz et al., failure to control IOP 
occurred during the first postoperative year in 4 of 8 deep sclerectomies 
compared with 2 of 16 trabeculectomies.21 To date, no studies are available 
that report on deep sclerectomy in JIA-uveitis-related secondary glaucoma. 
In adult uveitis-related glaucoma, success rates of deep sclerectomy are 69% 
at best in controlling the IOP ≤21 mmHg up to 5 years.176 
2.5.2.5. Glaucoma drainage device 
Glaucoma drainage devices create a secondary pathway for the aqueous 
humour outflow.  A tube-shunt is inserted in the anterior chamber and a 
bleb-forming endplate is set in the subconjunctival space.177 In a study by 
Välimäki et al., a drainage device implantation was performed in 27 eyes 
with JIA-uveitis. Ninety percent of the eyes retained an IOP ≤21 mmHg with 
or without antiglaucomatous medication until 52 months. Postoperative 
complications occurred after 14 (52%) surgeries, and 15% of the eyes lost at 
least 1 line of vision during follow-up.23 Eksioglu et al. studied a group of 
patients with paediatric uveitis and secondary glaucoma after implantation 
of a drainage device with a valve. The cumulative probability of success 
without antiglaucomatous medication was 42% at 48 months and 25% at 84 
months, and the cumulative probability of complications was 51% at 48 
months and 75% at 108 months.161 
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2.5.2.6. Goniosurgery 
There are no publications on goniosurgery performed specifically in JIA-
related uveitis in the literature by October 2020. In paediatric uveitis-related 
glaucoma, 48-55% of goniosurgeries survive 2-234 months.22,178 Transient 
hyphaemas are seen in 80% of the eyes undergoing goniosurgery. Cataract 
extraction is required in 28% of the eyes after goniosurgery. Better surgical 
outcome has been found among patients without prior intraocular surgery, 
patients younger than 10 years of age at surgery, and patients with fewer 
anterior synechiae.22 
2.5.2.7. Transscleral diode cyclophotocoagulation 
According to Heinz et al., transscleral diode cyclophotocoagulation does 
not provide satisfactory control of high IOP in JIA-uveitis-related glaucoma. 
In their study, 19 eyes were treated 41 times with transscleral diode 
cyclophotocoagulation. The IOP remained ≤21 mmHg in 6 of 19 eyes (32%) 
with IOP-lowering medication during 10 months (SD, 9).162 
2.5.3. MACULAR OEDEMA 
Macular oedema is the most common cause of visual impairment in 
chronic uveitis.2 Macular thickening and cystoid oedema occur in 3-48% of 
patients with JIA-uveitis.13,19,26,144 
In a study by Ducos de Lahitte et al., macular changes were detected in 
84% of 61 eyes (38 patients) with JIA-uveitis. Only four eyes had no changes 
in their OCT scan. Macular oedema was found in 48%, foveal serous retinal 
detachment in 18%, perifoveal thickening without macular oedema or 
without a foveal serous detachment in 22%, and atrophic changes were found 
in 10% of the studied eyes. Visual impairment associated with foveal 
thickening in OCT.144 The same research group later discovered that 
resolution of a foveal serous retinal detachment associates with improvement 
in visual acuity and reduced anterior chamber flare.179 
In a study by de Boer et al., 21% (13 of 61) of patients with JIA-uveitis had 
macular oedema. In their series, macula oedema was associated with 
decreased vision and longer disease duration, but not with higher SUN 
grades.26 Angeles-Han et al. reported that 15% (8 of 52) of patients with JIA-
uveitis had a history of cystoid macular oedema. In their study, cystoid 
macular oedema was associated with vision loss.13 
No drug of choice to treat macular oedema in JIA-uveitis or other types of 
non-infectious uveitis is available. Intraocular and systemic glucocorticoids 
and antirheumatic drugs have all been used1,14,15,18,25,26,76,138,179–182 but to date, 
no comparative studies regarding the different treatment options when 
treating JIA-uveitis-related macular oedema have been published. 
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2.5.3.1. Biologic treatment 
Macular thickening and oedema have been shown to resolve during 
biologic antirheumatic treatment.53,56,138,180 In a study by García-de-Vicuña et 
al., adalimumab reduced macular thickness from 305 µm (SD, 125) to 231 
µm (SD, 31) during 6 months in 39 patients with JIA-uveitis.180 In a study by 
Calvo-Río et al., a reduction in central macular thickness and oedema from a 
mean of 463 µm (SD, 124) to 254 µm (SD, 30) was measured in 9 patients 
with JIA-uveitis receiving adalimumab for 6 months. Another 17 patients had 
macular thickening without cystoid oedema. Their mean macular thickness 
decreased from 371 µm (SD, 134) to 249 µm (SD, 28) with a 6-month 
treatment with adalimumab.138 
In a study by Calvo-Río et al., tocilizumab reduced macular thickness 
from 402 µm to 259 µm in 9 patients with treatment-resistant JIA-uveitis 
and cystoid macular oedema.56 In a study by Tappeiner et al., tocilizumab 
resolved JIA-uveitis-related macular oedema in 5 eyes.53 
Abatacept has reportedly resolved JIA-uveitis-related macular oedema in 
one patient.183 
2.5.3.2. Systemic glucocorticoid treatment 
Systemic glucocorticoid treatment can help in achieving rapid recovery of 
macular oedema in uveitis.184 It can be prescribed at a dose of 0.5-1 mg/kg 
per day in JIA-uveitis to treat macular oedema, but not all patients respond 
sufficiently to systemic glucocorticoid treatment.27 Long-term use of systemic 
glucocorticoids is not advisable in children, considering the systemic side 
effects.80,185 
2.5.3.3. Intravitreal triamcinolone  
In a retrospective series of paediatric uveitis by Sallam et al., not 
specifically in patients with JIA, intravitreal triamcinolone resolved macular 
oedema in 16 children. The oedema relapsed in 31% of the eyes within 7 
months. Complications were common after intravitreal triamcinolone 
treatment with IOP rise in 31% and cataract progression in 55% of the eyes.25 
No available reports on intravitreal triamcinolone in the treatment of JIA-
uveitis-related macular oedema have been published by October 2020. 
2.5.3.4. Sustained-release intravitreal dexamethasone implant 
Sustained-release intravitreal glucocorticoid implants have been 
recommended when antirheumatic therapy fails to resolve macular oedema 
in uveitis.1 
Pichi et al. injected a sustained-release dexamethasone implant in 17 eyes 
with JIA-uveitis. Nine eyes had related macular oedema. The mean central 
retinal thickness reduced from 438 µm (SD, 96) to 342 µm (SD, 79) with one 
injection. After the first injection, 5 of 9 eyes continued to have macular 
oedema and they were given a second injection. After the second injection, 
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mean central retinal thickness improved in 4 of 5 eyes from 400 µm (SD, 60) 
to 250 µm (SD, 14), and one eye continued to have macular oedema. 
Repeated injections were needed at a mean interval of 7-7.5 months to 
control the relapses.77 Among the 17 eyes with dexamethasone implants, 
mean IOP increased from 15 mmHg to 25 mmHg at 1 month and was 23 
mmHg at 3 months. Cataract progression happened in 8 of 12 (66%) phakic 
eyes treated with dexamethasone implants with or without macular oedema. 
As a result, cataract surgery was required in 3 eyes.77 
Sella et al. inserted intravitreal dexamethasone implants in 14 eyes with 
paediatric intermediate or posterior uveitis, non-specific to JIA. Macular 
oedema decreased in all of them. Visual acuity improved in 12 of 14 eyes. 
Because of relapses in macular oedema after 3-6 months, 5 eyes were 
retreated. Three patients showed cataract progression and two had an 
elevated IOP during the study.76 
In conclusion, an intravitreal dexamethasone implant seems to decrease 
macular oedema in JIA-uveitis for a limited period of time in many patients 
but repeated injections are often required and complications may occur.76,77 
2.5.3.5. Sustained-release FAI 
Retisert® (Bausch & Lomb, Rochester, New York, USA) is a non-
biodegradable vehicle for a pellet containing 0.59 mg of fluocinolone 
acetonide, a synthetic glucocorticoid. A tablet is made of fluocinolone 
acetonide and inactive microcrystalline cellulose, magnesium stearate, and 
polyvinyl alcohol. The tablet is set on top of a polyvinyl alcohol membrane in 
a silicone elastomer cup. The resulting implant is 3 x 2 x 5 mm in size. It is 
implanted through a pars plana sclerotomy and secured with sutures in the 
sclera. It is designed to release fluocinolone acetonide at a steady rate during 
30 to 36 months. After implantation, fluocinolone acetonide is found in 
similar concentrations in the iris, ciliary body, retina, and lens.186 
The 0.59 mg FAI has been effective in resolving macular oedema 
associated with intermediate uveitis, posterior uveitis, and panuveitis in 
adults. In adult eyes with uveitis, FAI has provided long-lasting 
glucocorticoid release and control of inflammation at least until 54 months, 
according to the Multicenter Uveitis Steroid Treatment Trial. FAI-treated 
eyes had faster resolution of macular oedema than eyes with systemic 
antirheumatic treatment until 6 months of follow-up, whereafter no 
significant difference was found between the two groups. The Multicenter 
Uveitis Steroid Treatment Trial did not enroll patients with macular oedema 
related to anterior JIA-uveitis, and direct inference cannot be drawn from 
their results to treatment of JIA-uveitis.182 Ocular complications are far more 
common in eyes treated with FAIs than in eyes treated with systemic 
antirheumatic treatment.182 Complications are also more common after 0.59 
mg FAIs than after shorter lasting dexamethasone implants.76,77,187–189 After 
0.59 mg FAI insertion, cataract surgery is required in all phakic eyes.187,189 
IOP rise is seen in 65% of eyes, and IOP-lowering surgery is required in 32% 
eyes.188 The Retisert® implant is no longer commercially available. 
Fluocinolone acetonide implants are available as non-biodegradable 
tubes containing 0.18-0.19 mg of fluocinolone acetonide. The FAI tubes are 
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inserted in the vitreous through pars plana with a 25-gauge needle. In a 
randomised and controlled trial, 129 eyes with recurrent non-infectious 
posterior uveitis were treated with a sham injection or an FAI containing 
0.18 mg of fluocinolone acetonide. Mean central macular thickness 
decreased by 61 µm in the FAI treatment group and increased by 8 µm in the 
sham group during 12 months. Among phakic eyes, cataract extraction was 
required in 33% after FAI treatment and 12% after sham treatment during 
the first 12 months of the study. Mean IOP rise was 1.3 mmHg (SD, 3.6) in 
the FAI and 0.2 (SD, 4.2) in the sham treatment group.190 So far, 0.18-0.19 
mg FAIs have not been studied in JIA-uveitis-related macular oedema. They 
might provide an alternative intravitreal method for treating uveitis-related 
macular oedema in the future. 
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3. AIMS OF THE PRESENT STUDY 
The overall aim of the present study was to identify possible positive and 
negative prognostic factors related to the treatment of JIA-uveitis and its 
complications. Its specific aims were to: 
1. Study the effect of TNF inhibitor treatment on survival of MMC-
augmented trabeculectomy in JIA-uveitis (I) 
2. Evaluate the association of anti-adalimumab antibody formation with 
treatment failure in JIA-uveitis (II) 
3. Find a therapeutic adalimumab trough level for JIA-uveitis (II) 
4. Chart the resolution of chronic macular oedema after FAI 
implantation in JIA-uveitis (III) 
5. Report the long-term results of cataract surgery with primary IOL 
implantation in JIA-uveitis (IV) 
6. Evaluate prognostic factors for maintaining good BCVA after cataract 
surgery in JIA-uveitis (IV) 
37 
4. PATIENTS AND METHODS 
Eligible to the study were patients with JIA-uveitis who had undergone an 
MMC-augmented trabeculectomy in April 1996 to January 2014 (I), were 
treated with adalimumab in 2014-2016 (II), had undergone an FAI 
implantation in 2010-2012 (III), or a cataract surgery from February 2000 to 
April 2012 (IV) in the Department of Ophthalmology, Helsinki University 
Hospital, Helsinki, Finland. All studies were retrospective observational case 
series. 
Studies I and III included one eye of each patient. In study IV, both eyes 
were included in the analysis if the patient had undergone cataract surgery in 
both eyes. In study II, remission of uveitis was defined as 0 cells in the 
anterior chamber in both eyes and in case of active uveitis, only the eye with 
higher SUN grade was included in the statistical analysis. The studied groups 
in I-IV were interrelated (Table 5). By chance and because of the long study 
period, no patient was enrolled in more than 2 studies I-IV. The total number 
of studied patients was 70. 
Table 5. Interrelationships of the studies I-IV 
  Trabeculectomy ADAbs FAI Cataract Total 
Trabeculectomy (I) 29   9   
ADAbs (II)   31 1 4   
FAI (III)     8 2   
Cataract (IV)       26   
Total number of eyes         78 
 
Paediatric rheumatologists set the diagnosis of JIA using ILAR criteria.39 
Ophthalmologists screened all patients with JIA for uveitis at the 
Department of Ophthalmology. Onset of uveitis was coded as the date of 
diagnosis by an ophthalmologist. Uveitis was graded using SUN criteria.17 
Antirheumatic medication was chosen in coordination with paediatric 
rheumatologists to achieve remission of arthritis and either remission or no 
more than mild SUN 0.5+ grade of uveitis. Despite all efforts, some patients 
did not reach this target and they were given maximum tolerated medication 
to maintain the lowest possible level of inflammation (I-IV). 
IOP was measured with Goldman applanation tonometer, when 
applicable, or the Icare TA01i rebound tonometer (Icare Finland Oy, Vantaa, 
Finland). For older patients, BCVA was recorded in decimal notation with a 
Rodenstock chart monitor (Rodenstock Instruments, Nürnberg, Germany). 
BCVA in younger patients was recorded with a Lea symbol® chart (Good-
Lite, Elgin Illinois, USA). BCVA <0.05 was converted to decimal notation 
following Lange et al.191 Heidelberg OCT (Heidelberg SPECTRALIS®, 
Heidelberg Engineering, Germany) imaging was performed at every visit for 
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detecting macular oedema in the FAI study (III), and in studies I and IV only 
if macular oedema was suspected clinically. 
4.1. MAIN OUTCOME MEASURES 
The different main outcome measures were IOP ≤21 mmHg in the 
trabeculectomy study (I), ADAbs and degree of inflammation in the anti-
adalimumab antibody study (II), macular oedema in the FAI study (III), and 
BCVA in the cataract study (IV). (Table 6) 
4.2. SECONDARY OUTCOME MEASURES 
Overlapping secondary outcome measures were IOP (III,IV), uveitis 
activity (I,III,IV), BCVA (I,III), macular oedema (I,IV), and cataract 
formation (I,III). IOP, uveitis activity, BCVA, and macular oedema were also 
overlapping with primary outcome measures (Table 6). 
Nine eyes of 9 patients from the trabeculectomy study (I) were also 
enrolled in the cataract analysis (IV). Six eyes undergoing cataract extraction 
(IV) had undergone a prior MMC-trabeculectomy (I). Five trabeculectomies 
survived after cataract extraction. One eye had a failing trabeculectomy and 
required a tube-shunt implantation after cataract extraction. Three eyes 
without a prior glaucoma diagnosis required an MMC-trabeculectomy after 
their cataract operation and were enrolled in the trabeculectomy study (I). 
There was no overlap between the trabeculectomy follow-up (I) and the start 
of the ADAb study (II). There was no overlap between the trabeculectomy (I) 
and FAI series (III). (Table 5) 
BCVA was a primary outcome measure in the cataract study (IV) and a 
secondary outcome measure in the FAI study (III). Two eyes of two patients 
were included in both studies (III,IV). One eye underwent cataract extraction 
prior to FAI implantation. Another eye underwent FAI surgery for chronic 
macular oedema, and a cataract extraction 6 months thereafter. (Table 5) 
The anti-adalimumab antibody study (II) overlapped with the FAI study 
(III) by 1 patient and the cataract study (IV) by 4 patients. (Table 5) 
Table 6. Interrelationships of the primary and secondary outcomes  








Trabeculectomy (I) primary secondary secondary secondary 
ADAbs (II) – – – primary 
FAI (III) secondary secondary primary secondary 




Fifty-five consecutive primary MMC-augmented trabeculectomies were 
performed for 30 patients with JIA-uveitis in April 1996 to January 2014. 
The surgical indication was glaucomatous optic nerve damage and failure to 
control IOP at ≤21 mmHg with maximal tolerated IOP-lowering medication. 
Fifteen patients were treated with TNF inhibitors, whereas 14 patients did 
not receive them at the time of the surgery. To avoid confounding factors, 
one patient was excluded from the study because they were treated with a 
biologic drug, abatacept, but not with a TNF inhibitor. Prior trabeculectomy 
was an exclusion criterion, whereas eyes with any other intraocular surgery 
were allowed. 
The purpose of this retrospective analysis was to compare the surgical 
success of patients treated with TNF inhibitors and without them at the time 
of the surgery. For the analysis, one eye was drawn at random from each of 
the 14 patients that had undergone a bilateral MMC-trabeculectomy. Twenty-
nine eyes were studied further in the analysis. By chance, all eyes with prior 
ocular surgery got drawn to the study. 
4.4. ANTI-ADALIMUMAB ANTIBODIES 
The inclusion criteria for the study were age of ≤16 years and treatment of 
JIA-related uveitis with adalimumab for ≥6 months in Helsinki University 
Hospital during 2014-2016. Thirty-one patients were enrolled in the study. 
For the statistical analysis, the eye with higher-grade of uveitis was chosen in 
case of bilateral uveitis. 
In Helsinki University Hospital, patients with JIA-uveitis and inadequate 
response to adalimumab are monitored for ADAbs as needed. Patients with 
adequate response to adalimumab were screened for adalimumab trough 
levels and anti-adalimumab antibodies routinely every 1 to 2 years in 2014 to 
2016. The blood samples were drawn a maximum of 24 hours before the next 
scheduled adalimumab administration. The samples were analysed in United 
Medix Laboratories, Helsinki, Finland. Enzyme immunoassays were used for 
trough level measurements and radioimmunoassays for ADAb 
measurements. 
4.5. FAI IMPLANTATION 
Eight eyes of 8 patients with JIA-uveitis who were treated with a 0.59 mg 
FAI for treatment-resistant macular oedema were enrolled in the analysis. 
Nine patients were FAI-treated during 2010-2012 in Helsinki University 
Hospital. One patient was excluded from the study because they dropped out 
after the first follow-up visit. 
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4.6. CATARACT SURGERY 
Twenty-six consecutive cataract surgeries with primary IOL implantation 
were performed for 20 patients <20 years of age with JIA-uveitis-related 
cataract. Posterior capsulotomy and anterior vitrectomy were performed only 
for patients with vitreous pathology or <4 years of age at surgery. Five of 26 
eyes required a posterior capsulotomy and anterior vitrectomy. 
Intraoperative intravitreal glucocorticoid injections were not given. There 
was no standard of practice in preoperative and postoperative care for eyes 
with JIA-uveitis undergoing cataract surgery in 2000 to 2012. 
4.7. STATISTICAL METHODS 
For statistical analysis, SPSS (version 19; IBM, New York, USA) and Stata 
(version 13 and 15, Stata Corp, College Station, Texas, USA) were used. Both 
SPSS and Stata were used for the statistical analysis of the trabeculectomy 
study (I). The anti-adalimumab study (II) and cataract study (IV) were 
executed with Stata. SPSS was used in the FAI study (III).  All tests were two-
sided and p<0.05 was considered significant. 
A mean was calculated for normally distributed variables. A median and 
range was calculated for other variables. The 95% CI was calculated for main 
findings, when applicable. 
Unordered and singly-ordered categorical variables were compared with 
Fisher’s exact and Kruskal-Wallis test, respectively (I,II,IV). Continuous 
variables were compared with Mann-Whitney U independent samples test 
(II). Spearman’s rank correlation was used when comparing continuous 
variables against activity of uveitis in SUN grades, and preoperative SUN 
grades against postoperative ones (II,IV). Nonparametric test for trend was 
used when comparing continuous variables between ordered groups, such as 
SUN grades, and presence or absence of methotrexate or ADAbs.192 Wilcoxon 
signed-rank test was used for comparing pre- and postoperative IOP (IV). 
Kaplan-Meier survival analysis with a log-rank test, stratified by subgroups, 
were performed to analyse variables contributing to survival (I,IV).193 
Prognostic factors (independent variables) of ADAb formation >12 AU/ml 





At five years, the only difference detected between the failing and 
surviving group of trabeculectomies was TNF inhibitor treatment at the time 
of surgery (p=0.020, Fisher’s exact test). In Kaplan-Meier analysis, the 
cumulative proportion of eyes with IOP ≤21 mmHg was 73% (95% CI, 44-89) 
at 1, 5 and 10 years for patients on TNF inhibitor treatment during surgery, 
whereas for patients without TNF inhibition, success rate decreased from 
57% (95% CI, 28-78) at 1 year to 0% by 10 years (p=0.007, log-rank test) (I, 
Figure in I). 
Potential additional predictors influencing the survival were modeled 
stratifying the analysis by subgroups. The effect of TNF inhibition persisted 
in subgroups of JIA (oligoarthritis or polyarthritis), history of prior surgery 
(yes or no), surgeon, age of the patient (tertiles; <9, 9-12.9, and ≥13 years) 
and duration of uveitis (tertiles; <4, 4-7.9, and ≥8 years) at trabeculectomy. 
No differences were detected between the patients with or without TNF 
inhibition at surgery when comparing the age at diagnosis of uveitis or JIA, 
duration of uveitis, age at glaucoma surgery, use of DMARDs at the time of 
surgery, preoperative IOP or SUN grade, prior ocular surgery, postoperative 
complications, postoperative SUN grade, or BCVA at the last follow-up. TNF 
inhibition at the time of the surgery remained the only variable identified 
that was associated with longer survival of MMC-augmented trabeculectomy 
in JIA-uveitis (I). 
Postoperative ocular hypotony was measured in 17 of 29 eyes (59%). 
Ocular hypotony related maculopathy was observed in 10 eyes (34%). 
Hypotony and related maculopathy resolved within 48 days (median, 14) in 
all affected eyes. No association was detected between TNF inhibitor 
treatment at surgery and ocular hypotony (p=0.68, Fisher’s exact test) or 
TNF inhibitor treatment and duration of ocular hypotony (p=0.42, Mann-
Whitney U test). Other observed postoperative complications were 
hyphaema (2 eyes), bleb hemorrhage (1), shallow anterior chamber (7), and 
choroidal detachment (2). The median postoperative BCVA was 0.9 (range, 
0.005-1.1) (I). 
5.2. ANTI-ADALIMUMAB ANTIBODIES 
Remission of uveitis was maintained in 15 of 31 patients (48%), 9 (29%) 
had mild SUN 0.5+ uveitis and 7 (23%) had a higher-grade uveitis at least in 
one eye during adalimumab treatment with or without methotrexate. 
Remission of uveitis was found only among patients without ADAb 
formation (p=0.001, Fisher’s exact test). An association was found between 
ADAb formation and lack of methotrexate treatment (p=0.043, Fisher’s exact 
test). Other prognostic factors for ADAb development were younger age at 
diagnosis of JIA or uveitis (p=0.046 and p=0.030, logistic regression 
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analysis, respectively). No adalimumab-related serious adverse effects 
occurred during the study period (II). 
ADAb formation-related low or undetectable adalimumab trough levels 
were detected in 9 of 31 (29%) patients. Among these 9 patients, SUN 0.5+ 
uveitis was found in 4, a more active uveitis in 4, and 1 patient relapsed from 
mild to higher-grade uveitis after discontinuation of adalimumab. Higher-
grade uveitis was associated with ADAb formation, although 2 patients had 
active uveitis without detectable ADAbs (p<0.001, nonparametric test for 
trend) (II). 
Among the 22 patients with no measurable ADAb formation, the median 
adalimumab trough level was 9.4 mg/l (range, 4.0-24.0). Higher 
adalimumab trough levels were associated with higher adalimumab doses 
(p=0.0032, Spearman’s correlation). Methotrexate treatment or lack thereof 
was not associated with adalimumab trough levels (p=0.23, Mann-Whitney 
U test). Methotrexate dose was not associated with adalimumab trough levels 
(p=0.89, Spearman’s correlation). Higher adalimumab trough levels were 
not associated with better control of uveitis (p=0.86, nonparametric test for 
trend). Thus, the results do not suggest a therapeutic trough level for 
adalimumab in the treatment of JIA-uveitis (II). 
5.3. FAI IMPLANTATION 
Each of the 8 patients had a complete resolution of macular oedema in 2-
20 weeks after the FAI surgery. The preoperative median BCVA was 0.08. 
Postoperative median BCVA improved to 0.5 at 1, 2 and 3 years, 0.63 at 4 
years, and 0.7 at 5 years after the FAI surgery. Two eyes maintained a low 
BCVA ≤0.16 despite complete resolution of macular oedema. Three relapses 
were detected at 2.7-5.5 years after the FAI surgery. The relapses were 
treated with antirheumatic medication in two and with a dexamethasone 
implant in one eye (III). 
Postoperative complications were common. All four phakic eyes needed 
cataract extraction after FAI implantation. Six of 8 eyes had IOP rise >21 
mmHg, and 4 required IOP-lowering surgery for IOP ≥30 mmHg. One 
retinal detachment developed after FAI surgery that was combined with an 
epiretinal membrane peeling during vitrectomy (III). 
 
Figure 1. OCT images of an eye prior to the fluocinolone acetonide implant (BCVA 0.05) and at 
5.6 years postoperatively (BCVA 0.4) 
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5.4. CATARACT SURGERY 
Median postoperative BCVA was 1.0 in 26 eyes at 5 years and 0.9 in 13 
eyes at 10 years of follow-up (IV). Two eyes did not gain BCVA ≥0.5 with the 
surgery and 2 eyes lost that level of vision during the follow-up. Active uveitis 
during 3 and 12 months preoperatively was the only risk factor detected for 
low BCVA <0.5 (p=0.005 and p=0.007, nonparametric test for trend, 
respectively) (IV). 
Preoperative uveitis activity ranged from remission to SUN 4+ (median, 
SUN 0.5+). Eyes that had more active uveitis preoperatively continued to 
have more active uveitis also postoperatively (p=0.029 during 3 months and 
p=0.014 during 12 months postoperatively, Spearman’s correlation) (IV). 
The median IOP was 13 mmHg preoperatively and 15 mmHg on the first 
postoperative day (p=0.54, Wilcoxon signed-rank test). Postoperative ocular 
hypotony was observed in one previously unaffected eye and one previously 
affected eye. Both of them had undergone a posterior capsulotomy with 
anterior vitrectomy during cataract extraction (IV). 
Frequency of secondary glaucoma was 62% prior to cataract surgery and 
73% during the 5 to 10 years of follow-up. Ten eyes underwent glaucoma 
surgery prior to the cataract surgery, and 4 of them required additional IOP-
lowering surgery after the cataract surgery. Additional 3 previously 
unaffected eyes developed glaucoma and required IOP-lowering surgery 5.8 
to 13.6 years after the cataract surgery (IV). 
PCO or retrolental membrane at the level of the posterior capsule was 
detected in 23 of 26 (88%) eyes during the follow-up. Treatment of the 
secondary opacification was required in 18 eyes, and repeated treatment was 
required in 4 eyes. Repeated treatment of a secondary opacification was 
performed only in eyes that had not undergone a primary posterior 
capsulotomy and anterior vitrectomy (IV). 
No new cases of synechiae, pupillary membranes, vitreous haze and cells, 
or macular oedema were detected. Despite the lack of intraoperative 




JIA-uveitis is a rare disease although it is more common in the Nordic 
countries than elsewhere.4,6,41 JIA-uveitis-related ocular complications and 
surgeries are even more rare than the disease itself, which is why the patient 
series are small in JIA-specific uveitis research regarding ocular 
complications. 
Some research groups report on variable case mixes of different types of 
paediatric uveitis. Because the nature of uveitis can vary depending on the 
intraocular tissues involved and the associated disease, results regarding 
uveitis that is not specific to JIA cannot be extended directly to JIA-uveitis to 
formulate treatment guidelines. For this reason, the present research was 
limited to JIA-uveitis alone. Because JIA-uveitis has a tendency to lead to 
multiple ocular complications in one eye, non-overlapping patient series 
regarding the treatment of complications were not achievable, despite the 
two decade long study period from 1996 to 2018. In essence, this study is a 
convenience sample, and therefore subject to sampling error and lack of 
representation of the population. 
In studying JIA-uveitis, it is challenging to maintain a standardised 
treatment protocol because of the relapsing nature and individual, diverse 
course of the arthritis and uveitis. Therefore, most JIA-uveitis studies are 
retrospective chart reviews, small case series, or case reports. Even 
prospective studies in JIA-uveitis are often observational because the 
treatment has to be personalised.43 
In this study, observational study design was chosen to make allowance to 
the relapsing nature of JIA and uveitis although such a retrospective and 
uncontrolled study design is subject to bias. Prospective study design was not 
an option for JIA-uveitis-related glaucoma (I), macular oedema (III) and 
cataract (IV) -related studies because the frequency of those complications, 
luckily, has decreased after adapting an antirheumatic focused treatment 
protocol and sparing glucocorticoid treatment.79,82,138,140,180 That said, studies 
I, III and IV would have benefitted from a more standardised pre- and 
postoperative antirheumatic and glucocorticoid treatment regimen at the 
time of the surgery. Treatment with adalimumab followed a standardised 
protocol for JIA-uveitis in Helsinki University Hospital during the study 
period, which was helpful when analysing the patient data in 2016 (II). 
Adalimumab treatment is common in JIA-uveitis and therefore the anti-
adalimumab antibody study could have been designed as a prospective study 
(II). Yet, randomisation of adalimumab-treated patients to study groups with 
or without methotrexate would not have been ethically acceptable, given the 
benefits of concomitant methotrexate during TNF inhibition.111,117,123,194,195 
Therefore, a retrospective study design was adopted also for the anti-
adalimumab antibody study (II). 
The rarity and relapsing nature of JIA-uveitis introduce limitations to 
acquiring firm scientific data on the treatment of JIA-uveitis and its 
complications. The scarcity of controlled data results in controversies, 
diverse treatment protocols, and lack of generally agreed treatment 
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guidelines. Bigger patient series through collaboration, prospective and 
controlled study protocols, longer follow-ups, and limiting the studies to 
paediatric patients with JIA-uveitis would benefit the field of JIA-uveitis-
related research. 
6.1. MMC-TRABECULECTOMY 
The first MMC-augmented trabeculectomies during TNF inhibitor 
therapy for JIA-uveitis were performed in Helsinki University Hospital in 
2001 and 2003. Curiously enough, the IOP of patients with TNF inhibition 
during surgery remained ≤21 mmHg for years, whereas MMC-
trabeculectomies without TNF inhibition performed during 2001-2003 failed 
within the first postoperative year (I). 
In other trabeculectomy studies related to JIA-uveitis, 8 of 12 and 6 of 9 
eyes (both, 66%) retained IOP ≤21 mmHg with or without additional 
antiglaucomatous medication after surgery.11,21 In my study, survival was 
defined as IOP ≤21 mmHg without additional IOP-lowering medication or 
surgery. Despite the stricter survival criterion compared to earlier studies,11,21 
the survival rate of my study was higher, 73% (I). 
A difference in trabeculectomy survival rates with and without TNF 
inhibition was 57 percentage points at 5 years and 73 percentage points at 10 
years after surgery, which suggests that TNF inhibition protects patients 
against scarring of the trabeculectomy site and subsequent filtration failure 
(I). Earlier experimental models support the interpretation that TNF 
inhibitors have a desired influence on wound healing after 
trabeculectomy.172,173 No other meaningful variables influencing survival 
were found among the patients that were enrolled in my trabeculectomy 
study (I). 
Two patients, who were not given TNF inhibitors during the 
trabeculectomy but were put on TNF inhibition ≥1 year after the 
trabeculectomy, had failing trabeculectomies during TNF inhibition (I). It 
seems that, similarly as with mitomycin C treatment, TNF inhibition is 
required already during surgery to get the wound healing benefits.163,168,174 It 
is unclear for how long TNF inhibition should continue before and after 
surgery to protect against filtration failure.173 
A study on topical TNF inhibition during trabeculectomy is an interesting 
prospect for future.173 On the other hand, potential risk for ADAb formation 
exists when TNF inhibitor levels are low, which limits the experimental use 
of topical TNF inhibitors. The level of risk of ADAb formation when using 
topical TNF inhibition is currently not known.121,122 
Focus should be shifted from the best practice of IOP-lowering surgery to 
efforts to prevent IOP-elevation because it associates with a high risk of 
losing vision in JIA-uveitis.82 Glucocorticoid treatment is a significant risk 
factor for IOP-elevation in JIA-uveitis, whereas antirheumatic treatment 
reduces the risk of IOP-elevation.78,82 Encouragingly, clinical practice with a 
glucocorticoid-spearing treatment protocol has reduced the frequency of 
secondary glaucoma and related IOP-lowering surgeries in these young 
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patients with JIA-uveitis in Finland and Scandinavia (unpublished 
observations). 
6.2. ANTI-ADALIMUMAB ANTIBODIES 
In clinical practice and in earlier studies, JIA-uveitis remains active or 
relapses in roughly one third of adalimumab-treated patients despite 
treatment.67,91 Furthermore, ADAbs have been found in 11-37% of JIA 
patients,69,117,195 and ADAb formation has been associated with treatment 
failure in a plethora of diseases, including JIA.69,107,109,113,114,117,124,195,196 No 
reports were previously available on the association between anti-
adalimumab antibodies and treatment failure in JIA-uveitis, which is why I 
designed a retrospective study on this topic in Helsinki University Hospital 
in 2016. In my study, ADAb formation was associated with a failure to 
achieve remission and a higher-grade uveitis among adalimumab-treated 
patients with JIA-uveitis (II). 
In a review and meta-analysis by Doeleman et al. on ADAb formation in 
JIA, 6 adalimumab-related original studies published in PubMed, Embase, 
and Cochrane Library published by July 2018 met their inclusion criteria.124 
One of them was my study (II). The studies covered 323 patients with JIA 
with or without uveitis. The pooled prevalence of anti-adalimumab 
antibodies was 22% (95% CI, 14-30). Lower ADAb prevalence rates were 
found in series with shorter follow-ups (48-60 weeks), whereas in my study 
with a median follow-up of 3.1 years, ADAb rate was as high as 29% (II).124 
Although higher ADAb rates could be partially explained with a longer 
follow-up time in the meta-analysis,124 duration of adalimumab treatment 
was not a risk factor for ADAb formation in my study (II). 
In daily clinical practice, the key questions are: how can we recognise the 
patients who are at high risk of ADAb-related treatment failure and how can 
we prevent treatment failure. 
Treatment with methotrexate is associated with a lower risk of anti-
adalimumab formation among patients with JIA with or without uveitis. 
Among patients with JIA and treated with adalimumab, the risk ratio of 
developing ADAbs with concomitant methotrexate is 0.33 compared to 
patients without methotrexate (95% CI, 0.21-0.52, p<0.01).124 An association 
between lower methotrexate dose and more frequent ADAb formation has 
been reported in studies on adult-onset autoimmune diseases.119 This 
association does not exist among patients with JIA, which can be possibly 
explained by how problematic it is to track drug dosing accurately according 
to body weight or body surface in growing children in long follow-up settings 
(II). 
Not all relapses during TNF inhibition can be explained by ADAb 
formation (II).124 Clinical experience shows that patient compliance and 
unnecessary breaks from the treatment coincide with some of the relapses. 
But even with good compliance, two patients in my patient series did not 
achieve good control of uveitis despite the lack of measurable ADAbs and 
trough levels ≥7.0 mg/ml (II). Furthermore, Burgos-Vargas et al.196(p) and 
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Lovell et al.113 found no clinically significant association between ADAb 
formation and JIA-treatment failure. 
Transient ADAbs could be one explanation for treatment failure without 
measurable ADAbs.116,195 Detecting transient ADAbs requires repeated blood 
samples, which is neither a cost-effective nor patient-friendly clinical 
practice. Clinical experience shows that increasing the TNF inhibitor dose is 
a sensible practice in JIA-uveitis when patients with or without measurable 
ADAbs lose treatment effect.18 Switching biologic agents is the last option 
because there are only two biologic drugs that are repeatedly shown to be 
effective in JIA-uveitis.18 In other autoimmune diseases that can be treated 
effectively with multiple different biologic drugs, switching biologic agents 
can possibly be done more freely.124 
It has been suggested that ADAb reversal can be achieved by increasing 
TNF inhibitor dosing.111,120 In my study, one patient with an adalimumab 
trough level of 4.0 mg/l, ADAb level of 19 AU/ml and mild uveitis was given 
adalimumab with a shorter interval after which their ADAbs remained 
undetectable. Clinical remission of uveitis was achieved with an adalimumab 
trough level of 8.4 mg/ml (II). Bigger and prospective patient series would be 
beneficial in analysing the association between higher adalimumab dosing 
and lack of ADAbs suggested in the smaller retrospective case series.111,120 
More clinical research is needed to provide us with comprehensive tools 
to prevent treatment failures and uveitis flare-ups from happening during 
TNF inhibitor treatment. Variables that should be studied further include 
genetic predisposition, lapses in the medication including compliance issues, 
changes in the inflammatory activity, and growth of the patient resulting in a 
need for higher antirheumatic drug dosing. 
Until we know more about ADAb formation and TNF inhibitor-related 
treatment failure, it is good practice to keep adalimumab-treated patients on 
an adequate adalimumab dose, continuous treatment regimen, and 
concomitant methotrexate, whenever applicable, to reduce the risk of ADAbs 
and related treatment failure. 
6.3. FAI IMPLANTATION 
Earlier studies show that antirheumatic treatment is slower acting but as 
effective as a sustained-release 0.59 mg FAI in treating macular oedema of 
intermediate, posterior, and panuveitis in adults.182 No study reported on 
intravitreal sustained-release FAIs in JIA-uveitis until FAI treatments were 
started in Helsinki University Hospital. In my study, FAI surgery was a last-
resort treatment for 8 patients with treatment-resistant chronic macular 
oedema related to JIA-uveitis. Prior systemic glucocorticoid treatment, 
antirheumatic therapy, and intravitreal short-acting glucocorticoids had not 
resolved their macular oedema (III). 
Close monitoring after FAI surgery is needed because of its high 
postoperative complication rate.182,187,188 Cataract surgery is required in all 
phakic eyes after implanting an 0.59 mg FAI (III).187 A 10 mmHg increase in 
IOP or increase to IOP ≥30 mmHg is reported in 65% of 0.59 mg FAI-treated 
eyes with posterior uveitis.188 Also in my study, 4 of 8 eyes had IOP ≥30 
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mmHg requiring IOP-lowering surgery, and additional 3 eyes had their IOP 
increase by 10 mmHg (III). 
After the last FAI treatment for JIA-uveitis in Helsinki University 
Hospital (III), intravitreal dexamethasone implants were shown to reduce 
macular oedema in the short term in JIA-uveitis and paediatric uveitis. 0.59 
mg FAIs seem to provide longer lasting control of macular oedema than 
dexamethasone implants. Repeated dexamethasone implant injections are 
needed to control the relapses, starting as early as 3 months after the first 
one,76,77 whereas relapses occurred as late as 2.7-5.5 years after FAI surgery 
in my study (III). 
From 2012, research groups have been reporting on the positive effect of 
adalimumab and tocilizumab on macular oedema in JIA-uveitis.53,56,138,180 
Reviewing the patient charts, none of the FAI-treated patients were treated 
with tocilizumab or with the highest recommended doses of adalimumab or 
infliximab18 prior the FAI surgeries in 2010-2012 (III). Three patients from 
the FAI study had a relapsing macular oedema and were successfully treated 
with antirheumatics (2) and an intravitreal dexamethasone implant (1 
patient) (III). More recently, three paediatric patients with uveitis and 
related macular oedema have been treated with high-dose TNF inhibitors to 
resolve their macular oedema. No intravitreal glucocorticoid treatment or 
long-term systemic glucocorticoid treatment have been required for any of 
them (unpublished data). 
My results suggest that if antirheumatic medication combined with 
systemic glucocorticoid treatment fails to resolve chronic macular oedema in 
JIA-uveitis, FAI surgery should be considered, carefully balancing the high 
complication rate with the potential benefits associated with FAI surgeries 
(III). As the 0.59 mg FAIs are no longer available, we will have to wait and 
see if the 0.18-0.19 mg FAIs provide similar control of macular oedema in 
JIA-uveitis as the higher-dose FAI. 
As we are changing our treatment guidelines towards a protocol that is 
more antirheumatic treatment centred, macular oedema might become a less 
common feature in JIA-uveitis. In the event of JIA-uveitis-related macular 
oedema, treatment with biologics53,56,138,180 should be favored over 
intravitreal glucocorticoid treatment in young patients considering ocular 
complications and intraocular surgeries associated with intravitreal 
glucocorticoid treatment (III).77,182,187,188 
6.4. CATARACT SURGERY 
In my study with a minimum of 5 years of follow-up, 77% of the eyes 
retained BCVA 0.5 or higher (IV). It provides the lowest reported rate of 
BCVA <0.5 (4 of 26 eyes) after cataract surgery in JIA-uveitis.29–31,139 In a 
study from Finland by Kotaniemi and Penttilä published in 2006, 64% of the 
eyes obtained BCVA 0.5 after a mean of 3.3 years (SD, 3.2) of follow-up.29 In 
a study by Kulik et al. published in 2019, 65% of the eyes retained a BCVA 
≥0.5 for a median of 10.9 years (range, 1.0-23.1). Unfortunately, the earlier 
reports did not include results at 5 and 10-year cut-off points or a Kaplan-
Meier estimate to allow easier comparison with my study. 
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In my study, worse BCVA was associated with higher preoperative uveitis 
activity (IV). This association between higher uveitis activity and worse visual 
prognosis is also seen in earlier reports.31,32 Low uveitis activity and 
antirheumatic treatment are known favourable prognostic factors in JIA-
uveitis in general.3,9 More common antirheumatic treatment and low uveitis 
activity at the time of the surgery may explain the improved BCVA results in 
the more current studies (IV) 139 compared with earlier studies.29–31,141 In my 
study, 7 of 26 (27%) eyes had active uveitis >SUN 0.5+ during 3 months 
preoperatively (IV). Unfortunately, other authors have not reported 
preoperative uveitis activity in a standard form as cells /1 mm2, or 
perioperative medications which is why further comparisons cannot be made 
with my study results (IV).29–31,139 
No standardised protocol is in place for pre- and postoperative care with 
antirheumatic and glucocorticoid treatment in JIA-uveitis-related cataract 
surgery. In my patient series, topical glucocorticoids were adjusted according 
to the uveitis activity both pre- and postoperatively. Unfortunately, the 
frequencies of topical treatment were not routinely recorded in the patient 
database. Four patients undergoing 6 cataract extractions had a 
discontinuation in their antirheumatic treatment either 1-2 weeks before, 1-3 
weeks after, or both, during their cataract surgery. In turn, four patients 
undergoing 5 cataract surgeries were given systemic prednisolone during the 
surgery. Their inflammatory activity varied from SUN 0 to SUN 1+. With this 
varying degree of pre- and postoperative medication, the eyes that had low-
grade uveitis preoperatively continued to have lower-grade uveitis 
postoperatively, and eyes with high-grade uveitis continued to have higher-
grade uveitis also postoperatively (IV). A prospective study design with a 
standardised protocol for pre- and postoperative medication is needed to 
better understand the impact of uveitis activity and antirheumatic 
medication on surgical results of cataract extraction in JIA-uveitis. 
Li et al. compared patients with JIA-uveitis undergoing cataract surgery 
with or without an auxiliary intravitreal triamcinolone injection.152 Five of 10 
patients without intravitreal triamcinolone developed postoperative fibrin 
formation, whereas no fibrin formation occurred among 12 patients with 
intravitreal triamcinolone. Their results indicate that triamcinolone should 
be used during cataract surgery.152 Conversely, postoperative fibrin 
formation did not occur in my study, despite the patients were not given 
intravitreal glucocorticoids during cataract surgery. My results suggest that a 
perioperative intravitreal glucocorticoid injection to prevent fibrin formation 
after cataract extraction is not mandatory in eyes with well-controlled JIA-
uveitis (IV). However, both the study by Li et al. and my study are limited by 
a small study sample and retrospective nature (IV).152 Larger studies are 
needed to clarify the role of intravitreal glucocorticoids in cataract surgery of 
JIA-uveitis. 
In my study, PCO was a common postoperative complication in eyes with 
and without a primary posterior capsulotomy and anterior vitrectomy during 
cataract surgery. The subgroup of patients not needing treatment for PCO 
and the subgroup of eyes with posterior capsulotomy and anterior vitrectomy 
were too small to study them further (IV). Also previous results on the 
impact of anterior vitrectomy and posterior capsulotomy on PCO and 
retrolental membrane formation in eyes with uveitis are inconclusive because 
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some studies have shown that PCO and retrolental membranes tend to 
develop despite a primary posterior capsulotomy and anterior 
vitrectomy.29,139,141,150 
When discussing postsurgical complications such as ocular hypotony, 
high IOP and related glaucoma, and macular oedema, it is important to note 
that JIA-uveitis has a high complication rate in and by itself,4,8,19,132 and 
further JIA-uveitis related complications are more common in eyes with 
previous complications.16 Hence, it is questionable if especially late-onset 
complications are related only to the previously performed surgery. 
Prior to the cataract surgeries, 16 of 26 eyes in my series were affected by 
secondary glaucoma and 3 additional eyes developed glaucoma thereafter 
(IV). By the end of follow-up, the frequency of secondary glaucoma in my 
study was 73%. Kulik et al. had diagnosed secondary glaucoma in 38% of 
eyes prior to cataract surgery, and glaucoma developed in 24% of eyes after 
surgery, resulting in a 62% rate of secondary glaucoma at the last visit.139 In 
my study, IOP-lowering surgery was required in 38% of the eyes 0.2-13.6 
years after cataract surgery (IV), compared to 53% in the study by Kulik et 
al.139 Thus, secondary glaucoma seems to be a common complication before 
cataract surgery in eyes with JIA-uveitis-related cataract and even more 
common after surgery (IV).29,139 My study design that omitted a control 
group does not allow further analysis of possible variables influencing the 
frequency of glaucoma after JIA-uveitis-related cataract surgery (IV). 
Ocular hypotony occurs in 5-18% of eyes with JIA-uveitis.9,135 Known risk 
factors for ocular hypotony include cataract surgery, glaucoma surgery, and 
pars plana vitrectomy.135 In my cataract surgery series, four eyes underwent 
an anterior vitrectomy during cataract surgery and a glaucoma surgery prior 
or after cataract surgery. Another 12 eyes underwent a prior or later 
glaucoma surgery. Despite the potential high risk for ocular hypotony after 
cataract surgery among my patients, only one previously unaffected eye 
developed ocular hypotony. The eye retained a BCVA 0.8 during 9 years of 
follow-up. Another eye had chronic ocular hypotony and related vision loss 
already prior the surgery (IV). Also Kulik et al. reported that 2 eyes (6%) had 
severe ocular hypotony after cataract surgery, resulting in phthisis bulbi and 
vision loss.139 
In earlier reports, 15-44% of eyes with JIA-uveitis have been diagnosed 
with macular oedema after cataract surgery.29,139 In my study, macular 
oedema was not recorded routinely with an OCT but only when oedema was 
suspected clinically. Only two eyes (8%) were diagnosed with macular 
oedema after cataract surgery. The rate of macular oedema might have been 
higher had OCT imaging been performed for all eyes after cataract surgery 
(IV). 
In JIA-uveitis-related cataract treatment, focus should be shifted from 
the best practice of cataract surgery to efforts to prevent or delay cataract 
formation and the need for cataract surgery in these young patients. 
Glucocorticoid treatment is a known risk factor for cataract development in 
JIA-uveitis,79 which is one of the reasons why the 2019 American College of 
Rheumatology guideline18(p) suggests fewer than 1 to 2 glucocorticoid eye 
drops per day in the treatment of JIA-uveitis in contrast to the 2012 
guideline15 that endorsed using 3 daily drops of glucocorticoids. 
Glucocorticoid-sparing treatment means more focus on DMARDs and 
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biologic drugs. Moreover, methotrexate has already been associated with a 
lower risk of cataract formation and with delaying cataract surgery.140 
Clinical practice with an antirheumatic therapy-focused treatment of JIA-
uveitis and a simultaneously decreasing cataract surgery rate together with 
previous study results encourages uveitis specialists and paediatric 
rheumatologists to focus on glucocorticoid-sparing treatment in young 
patients with JIA-uveitis. 
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7. RECOMMENDATIONS 
7.1. MMC- TRABECULECTOMY 
In JIA-uveitis in general, it is advisable to consider avoiding 
glucocorticoid treatment whenever possible and to treat patients primarily 
with antirheumatic medication to avoid secondary IOP problems.28,78,82 In 
recent years, the need for IOP-lowering surgeries has decreased among 
patients with JIA-uveitis treated in Finland after adapting a more active 
approach with antirheumatic treatment and a reduction in glucocorticoid 
therapy (unpublished observations). This clinical impression is in line with 
previous studies on the protective factors and risk factors of high IOP and 
secondary glaucoma in JIA-uveitis.82,137 
If IOP-lowering surgery is required in JIA-uveitis; the current research is 
not extensive enough to give a recommendation on the type of surgery that 
should be chosen (I).11,21–23 My study suggests that if MMC-augmented 
trabeculectomy is required, TNF inhibition should not be discontinued 
preoperatively (I). Experimental short-term use of TNF inhibition for its 
wound-healing benefits cannot be recommended.67,86,124 In general, TNF 
inhibitor treatment should be considered for all patients with secondary 
glaucoma related to JIA-uveitis that is not well-controlled.14,28,67 
7.2. ANTI-ADALIMUMAB ANTIBODIES 
Treatment with adalimumab should be combined with methotrexate in 
patients who tolerate methotrexate to avoid potential ADAb formation and 
related treatment failure in JIA-uveitis (II). If treatment failure occurs, ADAb 
and serum trough levels should be measured (II).69,107,109,117 I have not been 
able to determine a therapeutic trough level for adalimumab nor do I know 
which individual variables besides ADAbs impact the treatment response in 
JIA-uveitis (II). Therefore, clinical response should be the primary guiding 
factor, instead of adalimumab trough level or anti-adalimumab antibody 
titer, when modifying adalimumab treatment. 
7.3. FAI IMPLANTATION 
If biologic treatment, short-term systemic glucocorticoid treatment, and 
short-acting intravitreal glucocorticoids fail to control macular oedema in 
JIA-uveitis, a longer-lasting sustained-release glucocorticoid implant can be 
considered as a rescue therapy (III). The potential benefits of sustained-
release glucocorticoid implants should be weighed against the high 
complication rates associated with them (III).187–189 
The 0.59 mg FAI that I studied is not commercially available any longer 
(III). Lower-dose 0.18 mg FAIs seem to have some impact on macular 
thickness in adults but have not been studied in children.190 Sustained-
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release dexamethasone implants seem rather short-acting for the treatment 
of JIA-uveitis-related macular oedema.76,77,187 Fortunately, studies have 
shown that biologic treatment can be effective for patients with JIA-uveitis 
and related chronic macular oedema.56,138 Furthermore, antirheumatic 
treatment is as effective as a 0.59 mg FAI in treating uveitis-related macular 
oedema in adults according to the The Multicenter Uveitis Steroid Treatment 
Trial.182 A high-dose biologic treatment should be considered if a standard 
dose does not control JIA-uveitis or macular oedema related to it.18 
Based on the current research,18,56,138,180,182 resistant macular oedema 
related to JIA-uveitis should be treated with biologic treatment. If biologic 
treatment fails to control the macular oedema, sustained-release 
glucocorticoid implants can be considered (III).25,77,182 
7.4. CATARACT SURGERY 
Cataract extraction with primary IOL implantation should not be 
performed in eyes with active JIA-uveitis. The uveitis should be well-
controlled 3 to 12 months prior the surgery (IV). Antirheumatic medication 
should be considered for better control of uveitis to improve the visual 
prognosis of JIA-uveitis in general and also when related to cataract 
surgery.31,32 
Primary IOL implantation at cataract surgery produces good visual acuity 
results in eyes with good control of uveitis. Posterior capsulotomy and 
anterior vitrectomy may be reserved for patients younger than 4 years of age 
and for eyes with vitreous pathology. Intravitreal triamcinolone is not 
required to control the postoperative inflammatory reaction in well-
controlled uveitis. Ocular complications are common after JIA-uveitis-
related cataract surgery. Frequent follow-up visits should be scheduled after 
surgery to detect uveitis relapses, IOP problems, and macular oedema (IV). 
OCT imaging should be used routinely to detect and record macular 
oedema.144 
Focusing on antirheumatic treatment and avoiding glucocorticoids 
should result in less demand for cataract surgery at a young age in JIA-
uveitis.79,140 
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8. CONCLUSIONS AND FUTURE 
PROSPECTS 
Treatment of JIA-related uveitis is a multifaceted challenge. 
The first step in improving the treatment results and visual prognosis of 
JIA-uveitis is early diagnosis, which is why all patients with JIA must be 
screened regularly for uveitis.4,8 
Long-term strict control of inflammation is the second step in improving 
the prognosis.9,16 For now it is known that methotrexate and biologic 
treatment in combination with methotrexate can provide good control of 
inflammation in JIA-uveitis with less complications than treatment with 
glucocorticoids.67,68,83 Combining biologic adalimumab treatment with 
methotrexate is more beneficial than monotherapy with either one of them 
according to a previous study67 and my study (II). However, studies 
comparing different approaches to the systemic antirheumatic and topical 
glucocorticoid treatment are needed. 
Thirdly, reducing the risk of ocular complications is important because 
ocular complications are associated with reduced vision and blindness in 
JIA-uveitis.8,9,13,19,82 Glucocorticoid-sparing antirheumatic treatment is 
beneficial in reducing the complication rate and in improving the visual 
prognosis of JIA-uveitis.9,16,82 
The final step in the care of patients with JIA-uveitis is to treat 
complications with the best available treatment approach. My study shows 
that JIA-uveitis-related complications such as cataract, glaucoma, and 
macular oedema can be treated with favourable outcomes in most eyes with 
JIA-uveitis (I,III,IV). 
Despite recent advances in the treatment of JIA-uveitis, visual prognosis 
is still guarded or poor in eyes with uveitis-related complications and high-
grade inflammation (I,III,IV).2,47,132 Clinical practice with treatment focus in 
antirheumatics gives hope that better control of uveitis and simultaneous 
reduction in glucocorticoid treatment can improve the visual prognosis in 
JIA-uveitis in the future. 
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